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stiffness contributes to CV complications and is 
also regarded as a useful predictor of future CV 
events.7,8 Several studies indicated that arterial 
stiffness and IMT may be reduced by antihyper‑
tensive treatment, although it was also suggest‑
ed that antihypertensive drugs may affect arteri‑
al compliance irrespective of blood ‑pressure low‑
ering.9-12 These studies are thought to determine 
when the modification of subclinical atheroscle‑
rosis may result in risk reduction of future CV 
events (eg, coronary artery disease). However, few 
studies have investigated the effects of the most 

INTRODUCTION In recent years, arterial struc‑
ture and function have been the subject of inten‑
sive clinical research. It has been demonstrated 
that carotid intima–media thickness (IMT) rep‑
resents a useful phenotype for subclinical ath‑
erosclerosis.1,2 A number of studies showed that 
the degree of IMT can predict various clinical car‑
diovascular (CV) events.3 Consequently, IMT mea‑
surement is increasingly used in clinical trials as 
a surrogate endpoint.4,5 Large artery stiffening is 
a hallmark of aging, and this process is further 
amplified by hypertension and diabetes.6 Arterial 

ORIGINAL ARTICLE

Arterial structure and function in patients 
with acute coronary syndrome after 1 ‑year 
treatment

Agata Schneider1, Joanna Gawęcka1, Andrzej Minczykowski1, Tomasz Krauze1, 
Przemysław Guzik1, Jarosław Piskorski2, James Heathers3, Andrzej Wykrętowicz1

1   Department of Cardiology ‑Intensive Therapy, Poznan University of Medical Sciences, Poznań, Poland
2  Institute of Physics, University of Zielona Góra, Zielona Góra, Poland
3  Department of Psychology, University of Sydney, Sydney, Australia

Correspondence to:
Agata Schneider, MD, PhD,  
Katedra i Klinika Intensywnej Terapii  
Kardiologicznej i Chorób Wewnętrznych,  
Uniwersytet Medyczny 
im. Karola Marcinkowskiego, 
ul. Przybyszewskiego 49,  
60‑355 Poznań, Poland,  
phone: +48 61 869 13 91,  
e -mail: aamille@wp.pl
Received: November 29, 2016.
Revision accepted: 
February 14, 2017.
Published online: February 15, 2017.
Conflict of interest: none declared.
Pol Arch Intern Med. 2017; 
127 (3): 184-189
doi:10.20 452/pamw.3939
Copyright by Medycyna Praktyczna, 
Kraków 2017

KEY WORDS

arterial stiffness, 
intima–media 
thickness, myocardial 
infarction

ABSTRACT

INTRODUCTION The modification of arterial stiffness and intima–media thickness (IMT) is controversial 
in patients with clinically significant atherosclerosis.
OBJECTIVES We evaluated the effects of 1 ‑year pharmacological therapy on arterial stiffness and IMT 
in survivors of non ‑ST ‑segment elevation myocardial infarction (NSTEMI) who were treated according 
to current clinical guidelines.
PATIENTS AND METHODS A total of 298 patients with NSTEMI (median age, 64 years; 85 women) 
were enrolled to this study. Local (carotid) arterial stiffness and IMT were measured noninvasively 
before discharge and after 12 months of contemporary pharmacological treatment according to current 
clinical guidelines. The study group was divided into patients with normal systolic blood pressure (BP) 
(<140 mm Hg) and those with increased systolic BP (≥140 mm Hg) at 12 months. The results were 
presented as median (25th–75th percentile).
RESULTS There were no significant changes in local arterial stiffness between patients with normal 
and those with increased systolic BP (8.9 m/s [7.9–10.9 m/s] vs 8.7 m/s [7.8–10.1 m/s] at baseline 
and 9.6 m/s [8.3–11.0 m/s] vs 10.4 m/s [9.1–12.4 m/s] at 12 months, P = 0.67 and P = 0.05, respec‑
tively); however, a significant reduction in IMT was found in both groups (777 µm [664–896 µm] vs 
715 µm [619–841 µm] at baseline and 818 µm [720–962 µm] vs 760 µm [674–897 µm] at 12 months, 
P = 0.0003 and P = 0.001, respectively). Arterial stiffness and IMT were affected by age and mean 
BP; however, adjustment for these variables did not affect the obtained results in multivariate models.
CONCLUSIONS The 1 ‑year pharmacological treatment of patients after NSTEMI was associated with 
a significant reduction in IMT but had no effect on the properties of the arterial structure.
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times on each cardiac cycle. The average is calcu‑
lated for each cardiac cycle. The local stiffness of 
the arterial wall is expressed as QAS = local pulse 
wave velocity (PWV):

PWV =
1

=
D2 • Δp

√ρ • DC ρ(2D • ΔD + ΔD2)

 where: D = diastolic diameter, ∆D = change of di‑
ameter in systole, DC = distensibility coefficient, 
∆p = local pulse pressure, and ρ = blood density.

Statistical analysis Distribution of continuous 
data was analyzed by the Shapiro–Wilk test. Since 
most of the data did not have normal distribution, 
their summary was reported as median and inter‑
quartile range. Qualitative characteristics were re‑
ported as standard descriptive statistics. Differ‑
ences between the groups were estimated with 
the paired and nonpaired Wilcoxon test for contin‑
uous variables, and the Fisher exact test for dichot‑
omized variables. The Spearman correlation coef‑
ficient was calculated for the analysis of relations 
between patients’ age, hemodynamic parameters, 
subclinical atherosclerosis, and arterial stiffness. 
Since not all patients presented with systolic BP 
of less than 140 mm Hg during the follow ‑up vis‑
it at 12 months, we performed the post hoc analy‑
sis. Patients were assigned either to the group with 
systolic BP of less than 140 mm Hg or with sys‑
tolic BP of 140 mm Hg or higher. A general linear 
regression model was used to compare the differ‑
ences between the adjusted means of the indices 
of subclinical atherosclerosis and arterial stiffness 
at baseline and at 12 months. All analyses were 
performed with SPSS (version 23.0, IBM Corp, Ar‑
monk, New York, United States).

RESULTS Characteristics of the study population  
A total of 298 consecutive patients with ACS were 
included (85 women and 213 men; median age, 
64 years). The baseline clinical characteristics of 
the patients are presented in TABLE 1. All patients 
received treatment recommended by the current 
guidelines (secondary prevention of MI). Apart 
from double antiplatelet therapy, 97% of the pa‑
tients were treated with angiotensin ‑converting 
enzyme inhibitor (ACEI) or angiotensin recep‑
tor blocker (ARB); 92%, with β ‑blocker; 24%, 
with diuretics; and 32%, with aldosterone an‑
tagonist. At 12 ‑month follow ‑up (TABLE 2), 84% 
of the patients still received ACEI (P <0.0001) 
and 6%—ARB (P = 0.1); 91% of the patients re‑
ceived β ‑blocker (P = 0.8); 99%, statin (P = 0.01); 
26%, diuretic (P = 0.9); and 27%, aldosterone an‑
tagonist (P = 0.4).

Hemodynamic parameters and arterial function and 
structure The analysis of hemodynamic data per‑
formed in all patients showed that systolic, dia‑
stolic, and mean BP were significantly higher at 12 
months (TABLE 3), although the median values of 
systolic and diastolic BP were within the reference 

current multiple drug therapy on the indices of 
arterial structure and function in an unselected 

“real ‑world population” of patients with estab‑
lished atherosclerotic heart disease. Therefore, 
we assessed whether a 12 ‑month treatment ac‑
cording to current guidelines13 for secondary pre‑
vention of myocardial infarction (MI) affects ar‑
terial stiffness and IMT in consecutive patients 
admitted with the diagnosis of acute coronary 
syndrome (ACS).

PATIENTS AND METHODS Study population  
The study included consecutive patients who were 
admitted for percutaneous coronary interven‑
tion due to ACS manifesting as NSTEMI within 
12 hours from symptom onset and who present‑
ed more than 50% of coronary artery narrowing. 
Subjects with cardiogenic shock, advanced and 
refractory chronic heart failure, atrial fibrillation 
or flutter, chronic renal disease on dialysis, and 
known neoplasm or chronic condition with life 
expectancy of less than 1 year were excluded from 
the study. For the purpose of this study, blood 
pressure (BP) measurements and ultrasound as‑
sessments were performed between 48 and 72 
hours after admission, and then at 12 ‑month 
follow ‑up in all patients who survived. Patients 
were discharged with a detailed description of 
their medical record and prescribed medication.13 
Further treatment was supervised by their family 
physician. The University Ethics Committee ap‑
proved the study protocol, and written informed 
consent was obtained from all participants.

Blood pressure, local carotid stiffness, and intima– 
–media thickness In all patients, brachial BP was 
measured using an oscillometric method (M ‑785; 
Omron Healthcare Company, Limited, Kyoto, Ja‑
pan) in the supine position, after a 5 ‑minute rest, 
on both arms. The higher reading from one of 
the arms was taken for further analysis. The BP 
results were obtained from a single measurement 
on each arm. All patients underwent an ultra‑
sound examination of the left common carotid 
artery, using high ‑resolution 4–13 MHz linear 
probe (MyLabClass C, Esoate, Genova, Italy). All 
investigations were performed with the patient in 
the supine position with head elevation. The com‑
mon carotid artery 1 cm before the bulb was used 
for measurements. All measurements were per‑
formed with the dedicated ArtLab software using 
radiofrequency data technology (QIMTRF for IMT 
and QASRF for arterial stiffness, Esoate, Genova, 
Italy). The QIMT algorithm allows the automat‑
ic detection of IMT, and real time feedback helps 
obtain the best possible measurements (with SD 
<20 µm); 6 successive measurements are contin‑
uously averaged. For the measurements of qual‑
ity arterial stiffness (QAS), the left common ca‑
rotid artery image 1 cm before bifurcation is ob‑
tained. The system cyclically computes 6 succes‑
sive measurements of both the arterial disten‑
sion and diameter (with SD <35 µm). The vessel 
distension and diameters are measured several 
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the IMT was significantly reduced in comparison 
with the baseline values. In contrast, patients with 
a systolic BP of less than 140 mm Hg at the follow‑
‑up visit showed a nonsignificant difference in sys‑
tolic and mean BP. Moreover, the QAS did not dif‑
fer significantly, while the IMT was significant‑
ly reduced in comparison with the baseline val‑
ue. Cholesterol concentrations were significantly 
lower in both subgroups in comparison with base‑
line data. Additionally, we analyzed the arterial 
structure and function in patients with previous 
MI versus those with no previous MI. No signif‑
icant differences were shown either for the IMT 
or for QAS (data not shown).

In the whole study group, the QAS correlated 
significantly with systolic BP and age (r = 0.47, 
P <0.0001 and r = 0.43, P <0.0001, respectively; 
TABLE 5). Similarly, the IMT correlated significant‑
ly with age and systolic BP (r = 0.2, P <0.0001 and 
r = 0.2, P <0.0001, respectively; TABLE 5). Further 
analysis demonstrated that when the mean arte‑
rial stiffness was adjusted for age and mean BP, 
it did not differ significantly from the baseline 
value in any of the subgroups (FIGURE 1A). In con‑
trast, the mean IMT adjusted for age and mean 
BP remained significantly lower compared with 
the baseline values in both subgroups (FIGURE 1B). 
In a multivariate regression model with clini‑
cal characteristics obtained on enrollment, only 
age and BP significantly affected the IMT (data 
not shown).

DISCUSSION Our study demonstrated that treat‑
ment according to the current guidelines had no 
significant effect on local arterial stiffness but was 
associated with a significant decrease in IMT in 
patients with NSTEMI.

Patients with established coronary heart dis‑
ease are strongly encouraged to implement life‑
style changes that affect modifiable risk factors 
such as obesity, physical inactivity, or smok‑
ing. Moreover, treatment with aspirin or oth‑
er antiplatelet drugs, statins, ACEIs or ARBs, 
and β ‑blockers also has proven benefit in sec‑
ondary prevention of future CV complications.13 
The mechanisms by which these drugs exert ben‑
eficial effects are not fully understood and most 
probably are not limited to simple reduction of 
BP and cholesterol levels.

In recent years, particular interest was focused 
on new CV risk factors such as arterial stiffness 
and IMT. Several studies have demonstrated that 
increased arterial stiffness can predict CV compli‑
cations, such as MI, stroke, or need for revascular‑
ization.14 It is also regarded as a measure of target 
organ damage in patients with hypertension.15-17 
Stiffness can be measured at different arterial lo‑
cations including the carotid ‑femoral segment or 
locally on the carotid or femoral artery. Moreover, 
general indices of arterial stiffness such as sys‑
temic arterial compliance or stiffness index de‑
rived from digital volume plethysmography are 
also used in clinical practice.18 These different in‑
dices underscore that stiffness is not uniformly 

ranges. Similarly, local arterial stiffness of the ca‑
rotid artery was significantly higher at 12 months. 
In contrast, the IMT and cholesterol concentra‑
tions were significantly reduced at 12 months.

Clinical, hemodynamic, and arterial param‑
eters measured during the follow ‑up visit at 12 
months in patient groups divided according to 
BP are shown in TABLE 4. Patients with a systol‑
ic BP of 140 mm Hg or higher were significantly 
older and all their hemodynamic parameters as 
well as QAS were significantly higher in compar‑
ison with the baseline values. On the other hand, 

TABLE 1 Clinical characteristics and measurements. Data on medication collected 
at discharge.

Parameter Value

Continuous data, median (25th–75th percentile)

Age, y 64 (57–71)

Creatinine, mg/dl 0.88 (0.75–1.0)

Cholesterol, mg/dl 194 (163–237)

High sensitivity troponin T, ng/l 177 (44–705)

LVEF, % 54 (45.8–60.3)

Categorical data, n (%)

Male sex 213 (71.5)

History of myocardial infarction 97 (32.6)

Hypertension 243 (81.5)

Diabetes 98 (32.9)

Current tobacco use 115 (38.6)

Aspirin 294 (98.7)

Clopidogrel 282 (94.6)

ACEI or ARB 288 (96.6)

β ‑blocker 279 (93.6)

Statin 292 (98.0)

Diuretic 76 (25.5)

Long ‑acting nitrate 49 (16.4)

Aldosterone antagonist 73 (24.5)

Abbreviations: ACEI, angiotensin ‑converting enzyme inhibitor; ARB, angiotensin 
receptor blocker; LVEF, left ventricular ejection fraction

TABLE 2 Distribution of treatment after discharge and at 12 ‑month follow ‑up

Medications Discharge Follow ‑up after 
12 months

P valuea

ACEI 94 84 <0.0001

ARB 3 6 0.1

β ‑blockers 92 92 0.8

CCB 17 15 0.5

Diuretics 24 26 0.3

Statins 95 99 0.01

ASA 99 97 0.06

Clopidogrel 95 90 0.001

Aldosterone antagonist 32 27 0.004

Data are presented as percentage of patients.

a Fisher exact test

Abbreviations: ASA, acetylsalicylic acid; CCB, calcium channel blocker; others, see 
TABLE 1
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measure of arterial stiffness) is not prevented by 
conventional antihypertensive therapy. Trope‑
ano et al10 demonstrated pressure ‑independent 
reduction in carotid stiffness after long ‑term use 
of ACEIs in diabetic patients with hypertension. 
Raff et al9 showed that olmesartan improves seg‑
mental arterial stiffness and lowers central sys‑
tolic and ambulatory BP in patients with met‑
abolic syndrome. It should be noted that vari‑
ous populations with different risk profiles were 
represented in the above studies. Moreover, lo‑
cal versus segmental arterial stiffness was esti‑
mated, and short (6 weeks) versus long ‑term (7 
months) drug treatment was applied. 

distributed along the arteries. Moreover, these 
various parameters have different associations 
with incident CV complications.

A comprehensive assessment of various indices 
of arterial stiffness with incidence of CV events 
and all ‑cause mortality showed that local carotid 
and femoral stiffness were independently associ‑
ated with CV sequelae, including death.19 It was 
also hypothesized that modification of arterial 
stiffness may influence future CV events. Stud‑
ies performed so far have reported  conflicting re‑
sults on the effect of antihypertensive treatment 
on arterial stiffness. Mourad et al20 reported that 
age ‑related increase in pulse pressure (surrogate 

TABLE 3 Hemodynamic, arterial, and laboratory parameters at 12 month follow ‑up.

Parameter Baseline After 12 months P valuea

Systolic BP, mm Hg 130 (116–146) 137 (126–150) <0.0001

Diastolic BP, mm Hg 75 (68–83) 80 (73–87) <0.0001

Mean BP, mm Hg 94 (86–103) 99 (91–108) <0.0001

PP, mm Hg 54 (44–67) 57 (46–70) 0.04

IMT, µm 797 (685–914) 740 (644–863) <0.0001

QAS, m/s 9.2 (7.9–10.9) 9.6 (8.4–11.5) 0.001

Cholesterol, mg/dl 194 (163–235) 150 (150–171) <0.0001

Data are shown as median and the 25th – 75th percentile.

a Unpaired Wilcoxon test

Abbreviations: BP, blood pressure; IMT, intima–media thickness; PP, pulse pressure; QAS, quality arterial stiffness

TABLE 4 Clinical, hemodynamic, and arterial parameters according to blood pressure measured at follow ‑up visit at 12 months

Parameter BP control <140 mm Hg

(n = 163)

P valuea BP control ≥140 mm Hg

(n = 135)

P valuea Comparison 
at baseline P valueb

A – baseline B – at 12 months A vs B C – baseline D – at 12 months C vs D A vs C

Hypertension, n (%) 123 (75) 120 (88) 0.004c

Diabetes, n (%) 54 (33) 44 (33) 1.0c

Age, y 62 (56–70) 65 (60–73) 0.001

Systolic BP, mm Hg 125 (113–137) 128 (117–132) 0.4 136 (123–151) 151 (145–165) <0.0001 <0.0001

Diastolic BP, mm Hg 74 (67–81) 76 (69–82) 0.04 77 (70–85) 86 (77–93) <0.0001 0.009

Mean BP, mm Hg 90 (82–100) 93 (85–98) 0.48 97 (89–105) 107 (102–115) <0.0001 <0.0001

PP, mm Hg 51 (42–59) 48 (40–56) 0.005 60 948–72) 71 (59–80) <0.0001 <0.0001

IMT, µm 777 (664–896) 715 (619–841) 0.0003d 818 (720–962) 760 (674–897) 0.001d 0.007d

QAS, m/s 8.9 (7.9–10.9) 8.7 (7.8–10.1) 0.67d 9.6 (8.3–11.0) 10.4 (9.1–12.4) <0.0001d 0.05d

Cholesterol, mg/dl 195 (164–238) 150 (150–171) <0.0001 193 (157–235) 150 (150–171) <0.0001 0.78

Data are shown as median and the 25th–75th percentile unless otherwise indicated.

a Paired Wilcoxon test,   b Unpaired Wilcoxon test,   c Fisher exact test,   d General linear regression model

Abbreviations: see TABLE 3

TABLE 5 Correlation between age, hemodynamic parameters, subclinical atherosclerosis, and arterial stiffness

Parameter Age Mean BP PP

rho P value rho P value rho P value

QIMT 0.23 0.0001 0.11 0.05 0.2 0.006

QAS 0.38 <0.0001 0.3 <0.0001 0.46 <0.0001

Abbreviations: QIMT, quality intima–media thickness; others, see TABLE 3
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it determines mean arterial transmural pressure, 
which in turn determines arterial stiffness. We 
noted that after adjustment for both explanato‑
ry variables, arterial stiffness did not differ sig‑
nificantly at 12 months in any of the subgroups.

Several randomized controlled trials dem‑
onstrated that lipid ‑modifying therapy delays 
the annual rate of change in IMT or leads to 
its reduction.23-25 Despite differences in ultra‑
sound assessment of IMT across clinical trials, 
there is a consistent finding of a relationship be‑
tween the rate of change of this marker and lipid‑
‑lowering therapy. Moreover, there is evidence 
that such treatment affects clinical endpoints. 
IMT is affected not only by lipid ‑lowering drugs. 
The Diabetes Interventions and Complications Re‑
search Group demonstrated that intensive type 
1 diabetes treatment resulted in decreased pro‑
gression of IMT 6 years after the study.26 It is 
well known that hypertension promotes carotid 
intima –media thickening. Wang et al11 performed 
a meta ‑analysis of randomized controlled trials 
that evaluated the effects of antihypertensive 
drugs versus placebo on carotid IMT. It was shown 
that ACEIs, ARBs, or calcium channel blockers de‑
creased intima–media thickening in the presence 

In our current study, 298 survivors of NSTEMI 
were evaluated after 12 months of treatment ac‑
cording to the guidelines. Most of the patients re‑
ceived the most contemporary pharmacological 
treatment at discharge and the majority of the pa‑
tients continued it throughout the 12 ‑month 
follow ‑up. Local carotid arterial stiffness was esti‑
mated by echo ‑tracking. After 12 months of treat‑
ment, median systolic and diastolic BP were sig‑
nificantly higher (although within the reference 
ranges), and local arterial stiffness was also sig‑
nificantly higher in comparison with the baseline 
values. The study population was further subdi‑
vided into those with a systolic BP of less than 
140 mm Hg and of 140 mm Hg or higher at follow‑
‑up visit at 12 months. Arterial stiffness was sig‑
nificantly (borderline) higher in patients with 
higher systolic BP at the follow ‑up visit. This pop‑
ulation also more often suffered from hyperten‑
sion in the past. It is well known that arterial stiff‑
ness is correlated with age and BP.21,22 Similarly, 
in our study, arterial stiffness correlated strong‑
ly and significantly with age and BP. We there‑
fore compared arterial stiffness in the subgroups 
after adjustment for both covariates. We used 
the mean arterial pressure in the model because 

FIGURE 1 A – quality 
arterial stiffness (QAS) 
at baseline and at 
12 ‑month follow ‑up 
adjusted for age and 
mean blood pressure in 
patients with a systolic 
blood pressure (SBP) of 
less than 140 mm Hg or 
of 140 mm Hg or higher 
at follow ‑up; B – intima– 
–media thickness (IMT) 
at baseline and at 
12‑month follow ‑up 
adjusted for age and 
mean blood pressure in 
patients with an SBP of 
less than 140 mm Hg or 
140 mm Hg or higher 
at follow ‑up; results 
shown as mean and 
standard error of 
the mean
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domized trial: PEACE (Pitavastatin Evaluation of Atherosclerosis Regression 
by Intensive Cholesterol ‑lowering Therapy) study). Eur J Prev Cardiol. 2013; 
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of similar BP reduction. Our results support these 
findings. The IMT was significantly reduced at 12 
months. Moreover, both subgroups showed a sig‑
nificant reduction in IMT. IMT correlates with pa‑
tients’ age and BP; therefore, we compared the re‑
sults after adjustment for both covariates. We ob‑
served that IMT was significantly reduced after 
12 months of treatment according to the guide‑
lines, independently of both explanatory variables.

Taken together, our study demonstrated that 
contemporary drug treatment of the survivors of 
NSTEMI is associated with a reduction of the IMT 
and has no effect on arterial stiffness.

Our study has several limitations. We assessed 
local carotid stiffness but the obtained results at a 
particular arterial segment cannot be extrapolat‑
ed to any other arterial location. Long ‑term ef‑
fects of the treatment were estimated, theoretical‑
ly involving arterial wall remodeling, but the role 
of reduced distension pressure cannot be exclud‑
ed. Finally, most of the patients were treated with 
combination therapy, thus the obtained results 
are not attributable to any particular drug.
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