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Abstract
Introduction: Endothelial dysfunction could contribute to the pathophysiology of angina pectoris (AP) in patients with normal coronary angiograms.
Besides lipid-lowering effects, statins exert pleiotropic effects including improving endothelial function.
Material and methods: Our double-blind study included 58 patients with AP,
noninvasively confirmed myocardial ischemia and a normal coronary angiogram. The effect of once-daily 20 mg atorvastatin (A) was compared with
placebo (P) for 6 months. Endothelial function was evaluated by flow-mediated dilation (FMD) of the brachial artery, and microcirculation by peripheral
arterial tonometry (EndoPAT) measuring the reactive hyperemia index (RHI),
indicating microcirculatory endothelial function, and the augmentation index (AI), an indicator of arterial stiffness. The impact of AP on the quality of
life was monitored using the Seattle Angina Questionnaire (SAQ).
Results: Brachial artery endothelial dysfunction was found in 91.4% of patients at study entry, and subnormal RHI in 41%. Group A showed an improvement of FMD compared with group P, both at 3 and 6 months (+120.8%
vs. –21.2%, and +70.8% vs. –1.9%, respectively, p < 0.001). No difference was
detected in the RHI. Rate-normalized AI showed an improvement (–114.49%
group A vs. –30.77% group P, p = 0.077), although the differences between
the groups were not significant. According to the SAQ, an improvement was
found in almost all observed variables with the exception of the issue of
quality of life (QoL), where patients in both groups assessed their QoL at the
control study visits as poorer compared with baseline.
Conclusions: Moderate-dose atorvastatin therapy improves endothelial
function of large conduit arteries in patients with AP and a normal coronary
angiogram, which probably reflects positive effects on coronary artery endothelial function. No effect was found with vascular effects at the level of the
peripheral microcirculation.
Key words: microvascular angina, endothelial function, atorvastatin.

Introduction
Angina pectoris (AP) is a clinical manifestation of myocardial ischemia due to reduced coronary perfusion reserve. Most often
it is the result of stenotic atherosclerotic changes in the epicardial
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coronary arteries, while a normal angiogram
and/or non-obstructive stenosis is detected in
20–30% of patients with AP and previously noninvasively detected myocardial ischemia [1–3].
The causes of chest pain in these patients include either epicardial artery disease (endothelial dysfunction, coronary artery spasm, muscle
bridge), microvascular coronary dysfunction
and/or noncoronary disease [4]. Ischemia probably occurs because of irregularly distributed
and inappropriate constriction of periarteriolar
blood vessels across the myocardium. A functional disorder of the coronary microcirculation
can ensue as insufficient vasodilatation and/or
hypersensitive vasoconstriction to various metabolic and pharmacological stimuli [1, 2].
Endothelial dysfunction is one of the earliest
indicators of deterioration of the vessel wall and
is a good indicator of atherosclerosis development
[5, 6]. It creates a suitable condition for the activation and adhesion of leukocytes and platelets as
well as the activation of cytokines, which increases the permeability of the vessel wall for oxidized
lipoproteins and inflammatory mediators. This
results in a structural change of the arterial wall
with the proliferation of smooth muscle cells and
the formation of plaques [7, 8].
Hypercholesterolemia as the most important
risk factor for coronary atherosclerosis is associated with deterioration of the endothelium-dependent vasodilation [9]. It is widely recognized that
statins, currently the most commonly used lipid-lowering drugs, exert several so-called pleiotropic effects on the arterial wall. These include nitric
oxide synthase (NOS) activation to improve endothelial function, lowering plasma endothelin-1
(a vasoconstrictor) and asymmetrical dimethylarginine (endogenous NOS inhibitor) levels, and
inhibiting inflammation as well as different antithrombotic and antioxidant effects contributing
to atherosclerotic plaque stabilization [10–14].
Beneficial effects of atorvastatin on endothelial
function have been demonstrated not only in patients with normal myocardial function but also in
patients with heart failure and dilated cardiomyopathy [15–18].
The aim of our study was to determine whether
treatment with a moderate dose of atorvastatin
improves endothelial function and reduces the
burden of AP in patients with AP and angiographically normal or non-significantly stenosed coronary arteries.

Material and methods
Patients and methods
Our study included 58 patients (31%, n = 18
males) with clinical manifestation of AP, in whom
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myocardial ischemia was confirmed by either positive treadmill exercise testing and/or evidence of
reversible perfusion defects during exercise myocardial scintigraphy using single-photon emission
computed tomography (SPECT) with Tc-99m tetrofosmin. Obstructive atherosclerotic disease
(CAD) (> 50% stenosis) was excluded by coronary
angiography. All angiograms were analyzed by two
highly experienced and independent senior interventional cardiology consultants.
The study was designed as a pilot, double-blind,
placebo-controlled, randomized intervention study.
After the initial assessment of endothelial function
and predefined laboratory parameters, patients
were randomly assigned to one of the two groups,
treated either with 20 mg of atorvastatin once daily (group A) or placebo (group P). The study drugs
were produced and prepared by Lek Sandoz pharmaceutical company (from Ljubljana, Slovenia)
and stored in the hospital pharmacy until the time
of use.
In addition to the study drugs, all participants
were intended to be treated with: (1) bisoprolol
(dose: 0, 1.25, 2.5 or 5 mg, adjusted to initial heart
rate and blood pressure), (2) amlodipine (2.5 or
5 mg, adjusted to blood pressure), and, (3) acetylsalicylic acid 100 mg once daily. There were altogether 4 patients (2 in group A and 2 in group P)
who were not treated with bisoprolol since their
initial heart rate was less than 55 min–1. In addition, they were free to use short-acting nitrates
in case of acute AP; however, none of them used
nitrates 24 h before the study visits. For the entire study period patients were not allowed to
use any other medicines, vitamin and/or food
supplements known to affect endothelial function.
Exclusion criteria were as follows: (a) lipidlowering drug treatment within one month before inclusion in the study, (b) diabetes mellitus, (c) presence of absolute contraindications
to any of the study medications, (d) smoking,
(e) clinical and/or laboratory signs of inflammation, (f) significant heart failure (functional class
III–IV according to NYHA), (g) clinically important
valve disease, including mitral valve prolapse,
(h) previous myocardial infarction, (i) uncontrolled
arterial hypertension, (j) clinically manifested hypothyroidism, (k) known muscular or neuromuscular disease, (l) gastrointestinal disease which
may cause reduced absorption of drugs, (m)
the use of the following medicines: corticosteroids, erythromycin, androgens, immunosuppressive drugs, estrogens, (n) total cholesterol > 8.0
mmol/l or < 3.5 mmol/l and/or triglycerides > 4.5
mmol/l, (o) serum creatinine > 120 µmol/l, (p) serum creatine kinase activity (CK) > 3 times upper
normal limit, (q) levels of aspartate aminotrans-
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ferase (AST) and alanine aminotransferase (ALT)
> 3 times above the upper normal limit, (r)
pregnancy, (s) patients < 18 years of age, and
(t) known extracardiac causes of chest pain.
All patients were familiarized with the purpose
and course of the study and signed an informed
consent form prior to inclusion.
Patients were followed for a total period of
6 months during which, after the inclusion study
visit (SV0), two further study visits, with the same
examinations as in the initial investigations, were
scheduled, after 3 (SV1) and 6 months (SV2). The
study was conducted according to the principles
of the Declaration of Helsinki, and the Slovenian
National Medical Ethics Committee approved the
protocol.
Upon entry into the study the inclusion/exclusion criteria were assessed, the available past
medical records reviewed, physical examination
and anthropometric measurements performed,
and the 12-lead ECG recorded. Detailed medical
history with special emphasis on AP frequency
and presence of other cardiovascular risk factors
was obtained.

Laboratory methods
Blood samples for some basic hematological
and biochemical laboratory parameters were obtained at each study visit between 7 and 11 am after at least 12 h of fasting; patients were also not
allowed to drink coffee or to consume substances
that could affect endothelial function for at least
24 h before the study visit.

Investigation of endothelial function of
large conduit arteries using ultrasound
Both endothelium-dependent and -independent dilation were measured on the right brachial artery at each of the study visits using
a high-resolution ultrasound machine (Aloka,
Hitachi, Japan) with a 10 MHz linear ultrasound
probe using the technique of Celermajer et al.
[19]. The baseline (resting) arterial flow was calculated by multiplying the velocity time integral
of the Doppler flow signal by the heart rate and
the vessel cross-sectional area. Endothelium-dependent (flow-mediated) dilation (FMD) was calculated as the change of the final diameter of
the brachial artery during reactive hyperemia.
Endothelium-independent nitroglycerin-mediated dilation (NMD) was calculated using the same
principle after sublingual application of 0.4 mg
of glycerol trinitrate (GTN). Both methods are
described in detail elsewhere [7]. The same examiner blinded regarding the study drugs and
patients’ laboratory results carried out all measurements.

Investigation of the endothelial-dependent
functional capability of microcirculation
using PAT
Peripheral arterial tonometry (PAT) enables
plethysmographic recording of finger pulse wave
amplitude (PWA), a measure of pulsatile volume
changes. The reactive hyperemia index (RHI),
which can be used as a marker of endothelial
function at the level of the microcirculation, was
calculated as the ratio of average PWA between
post- and pre-occlusion [7]. The augmentation index (AI) reflecting arterial stiffness was calculated via pulse wave analyses of the PAT signal. In
our study the EndoPAT 2000 (Itamar Medical Inc.,
Caesarea, Israel) device was used. This method is
described in detail elsewhere [7].

The Seattle Angina Questionnaire (SAQ)
At all study visits the patients had to complete
a Seattle Angina Questionnaire (SAQ). The SAQ
quantifies 5 domains measuring the impact of angina on the patient’s health status: physical limitation,
angina stability, angina frequency, treatment satisfaction and quality of life. Scores are generated for
each domain and are on a scale of 0–100, with 0
denoting the worst and 100 the best possible status.

Statistical analysis
Categorical variables are presented as numbers and percentages and continuous variables as
average values. We applied the c2 test or 2-sided Fisher’s exact test and Mann-Whitney U test
or t-test for categorical and continuous variables,
respectively. A multivariate analysis was adjusted
for all independent outcome predictors. To avoid
variable selection caused by spurious correlations,
only variables showing a relationship with the outcome (defined as p < 0.10 in the univariate model)
were included as potential predictors. We identified the final multivariate model for each major
outcome using a backward stepwise approach.
A 2-tailed p-value < 0.05 was considered significant. Analyses were carried out using SPSS for
Windows, version 22.

Results
Clinical and demographic characteristics of
the study population are presented in Table I. Our
study included 58 patients, 18 men and 40 women. In the majority of patients (n = 44, 75.9%), coronary arteries were considered normal, while the
rest (7 in group A, 7 in group P) had < 50% stenotic
coronary atherosclerosis. Nonsignificant atherosclerosis of the carotid arteries was present in 14%
of patients (n = 8). More patients with arterial hypertension were in the placebo group (31 in P vs.
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Table I. Baseline characteristics of treatment groups
Variable

All (n = 58)

Placebo
group
(n = 31)

Atorvastatin
group
(n = 27)

P-value

Age [years]

61.6 ±9.6

59.7 ±9.3

63.7 ±9.6

0.062

Weight [kg]

79.5 ±14.4

79.7 ±15.1

79.2 ±13.8

0.963

Height [cm]

165.1 ±8.6

166.0 ±9.0

164.1 ±8.2

0.507

Body mass index [kg/m²]

29.1 ±4.4

28.8 ±4.2

29.4 ±4.6

0.533

Waist circumference [cm]

96.1 ±11.2

96.3 ±11.3

95.8 ±11.2

0.892

Systolic blood pressure [mm Hg]

134.4 ±17.1

134.2 ±18.0

134.6 ±16.3

0.870

Diastolic blood pressure [mm Hg]

77.5 ±10.0

77.0 ±9.6

78.1 ±10.6

0.845

Left ventricular ejection fraction (%)

59.7 ±2.0

60.0 ±0.0

59.4 ±2.9

0.284

Male

18 (31.0%)

11 (35.5%)

7 (25.9%)

0.433

Family history of cardiovascular disease

24 (41.4%)

11 (35.5%)

13 (48.2%)

0.329

Smoking history

9 (15.5%)

6 (19.4%)

3 (11.1%)

0.387

Arterial hypertension

52 (89.7%)

31 (100.0%)

21 (77.8%)

0.006

Gastrointestinal symptomatology in the past

20 (34.5%)

10 (32.3%)

10 (37.0%)

0.702

Stressful life (subjective patient assessment)

22 (37.9%)

8 (25.8%)

14 (51.9%)

0.041

Anxiety or depression

11 (19.0%)

5 (16.1%)

6 (22.2%)

0.555

Myocardial ischemia confirmed by ergometry

44 (75.9%)

24 (77.4%)

20 (74.1%)

0.675

Myocardial ischemia confirmed by stress scintigraphy

14 (24.1%)

7 (22.6%)

7 (25.9%)

0.766

Values are expressed as mean ± standard deviation or as number (and percentage) of patients.

21 in A, p = 0.0006), while hypertension was well
controlled among the whole study population. The
two study groups were also not homogeneous in
terms of stress; about a third of the patients (more
in group A) assessed their life as stressful.
The long list of study exclusion criteria was
aimed at avoiding the potential confounding influence of the most important metabolic disorders
such as diabetes, hypothyroidism, chronic liver
and/or kidney disease. Due to its high prevalence,
obesity did not qualify as an exclusion criterion, to
a great extent because of the limited pool of study
patients. This is one of the reasons that the majority of patients had increased waist circumference
and body mass index (BMI) (> 30 kg/m2 in 23 patients (11 in group P, 12 in group A; the differences
were not statistically significant).
At the beginning of the study all patients were
advised to maintain a healthy lifestyle, including
regular physical activity, a Mediterranean diet, and
weight loss for those with a high BMI. Unfortunately, according to patients’ reporting during the study,
regular physical activity (defined as moderate aerobic exercise for at least 2.5 h/week) was only undertaken by 29.3% of patients, with no differences
between the study groups. During the study none
of the participants received dietary supplements,
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vitamin preparations or other known substances
which could affect the endothelial function. Drinking alcohol was not desirable, and it was forbidden
to drink more than 20 g/day for men and 10 g/day
of alcohol for women. Drinking coffee or caffeinated
products was also not allowed, and for at least 24 h
before taking measurements during the study visits
study participants were only allowed to drink water.
A positive family history of cardiovascular disease was present in 41% of patients, and approximately one third of patients had digestive system
problems in the past; there were no statistically
significant differences between groups.
At the study entry (SV0) the total, low-density
lipoprotein (LDL) and non-high-density lipoprotein
(HDL) cholesterol levels were increased, while triglycerides were at the recommended range upper
limit according to current guidelines. At each of
the subsequent study visits we found significantly
lower blood lipid levels in group A (Table II, Figure 1).
Other hematological and biochemical laboratory
tests did not show statistically significant differences between the study groups.
The majority of patients had brachial artery endothelial dysfunction at the study entry. Significant
improvement of endothelial function assessed by
FMD at SV1 and SV2 was found in the atorvas-
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Table II. Blood lipid parameters and the differences between the study groups during the entire study period
Variable

Atorvastatin group (n = 27)

Placebo group (n = 31)

SV0

SV1

SV2

SV0

SV1

SV2

Total cholesterol

5.91 ±0.95

4.06 ±0.75*

4.17 ±0.82*

5.93 ±1.10

5.58 ±0.96

5.77 ±0.09

LDL cholesterol

3.77 ±0.73

2.09 ±0.67*

2.10 ±0.81*

3.74 ±1.08

3.65 ±1.00

3.61 ±0.82

Non-HDL cholesterol

4.56 ±0.96

2.68 ±0.76*

2.77 ±0.84*

4.47 ±1.25

4.33 ±1.22

4.27 ±1.01

HDL cholesterol

1.36 ±0.22

1.38 ±0.26

1.41 ±0.27

1.46 ±0.39

1.45 ±0.37

1.50 ±0.39

Triglycerides

1.73 ±0.95

1.28 ±0.53

1.46 ±0.92

1.60 ±0.70

1.48 ±0.76

1.47 ±0.63

All values are expressed as mean ± standard deviation (SD). SV0 – initial visit, SV1 – 1 control study visit at 3 months, SV2 – 2nd study
visit at 6 months of follow-up. *P-value < 0.001 (in comparison to placebo).
st

B

7
6
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Figure 1. Lipid profile changes during the study: A – placebo group, B – atorvastatin group
SV0 – initial visit, SV1 – 1st control study visit at 3 months, SV2 – 2nd study visit at 6 months of follow‑up; *p-value < 0.001
(in comparison to placebo).

tatin treated group (p < 0.05), but the values of
FMD achieved still did not meet the criteria of
normal endothelial function (Table III, Figure 2 A).
No change of endothelial function was detected in
group P during the follow-up. Also, no significant
difference in endothelium-independent vasodilatation (NMD) was found between the two groups,
either at inclusion or during subsequent visits (Table III, Figure 2 B).
The RHI was within the normal range in 59% of
patients at the beginning of the study. During the

follow-up no significant improvement of RHI was
found in those outside the normal range at the beginning, as well as no differences between the two
study groups (Table III, Figure 2 C). Rate-normalized AI showed an improvement (–114.49% group
A vs. –30.77% group P, p = 0.077) although there
was no significant differences in the AI between
the groups (Table III, Figures 2 D, E).
According to the SAQ, an improvement was
found in almost all observed variables in both
groups, with no significant differences between

Table III. Percent change in flow-mediated dilation (FMD), nitroglycerine-mediated dilation (NMD), reactive hyperemia index (RHI), augmentation index (AI) and AI/75 (augmentation index normalized to heart rate 75/min)
related to baseline values during the study: SV1 – 1st control study visit at 3 months, SV2 – 2nd study visit at
6 months of follow-up
Parameter

Atorvastatin group (n = 27)

Placebo group (n = 31)

SV1

SV2

SV1

SV2

FMD

+120.8*

+70.8*

–21.2

–1.9

NMD

–7.1

–5.7

–2.7

+2.7

RHI

0.0

+5.0

+5.3

–5.3

AI

+7.4

–26.5

+27.7

+25.5

AI/75

–36.2

–114.5**

–46.2

–30.8

*P-value < 0.05 (in comparison to placebo), **p-value = 0.077 (in comparison to placebo).
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A

140
120

B
120.83%

6

100

4

80

70.83%

0

40

–2

20
–1.92%

–20

–21.15%

–40

SV1
Atorvastatin

SV2
Placebo

–6
–8

–5.71%
–7.14%
SV1
Atorvastatin

SV2
Placebo

D

6

5.26%

30

5.00%

27.66%

25.54%

20

4

10

2
0.0%

–10

–4

–20

–6

7.44%

0

–2

SV1
Atorvastatin

E

–2.67%

–4

0

0

2.67%

2

60

C

8

–5.26%
SV2
Placebo

–30

–26.45%
SV1
Atorvastatin

SV2
Placebo

0

–20
–40

–36.23%
–46.15%

–30.77%

–60
–80
–100
–120

SV1
Atorvastatin

–114.49%
SV2
Placebo

the two (Table IV). The exception is the issue of
quality of life (QoL), where patients in both groups
assessed their QoL at the control study visits as
poorer compared with baseline. The exception was
the issue of quality of life (QoL), where patients
in both groups assessed their QoL at the control
study visits as poorer compared with baseline.
The deterioration in QoL was particularly large in
group P and was significant at SV2 in group P.

Discussion
The pathophysiology of AP in patients with noninvasively proven myocardial ischemia and normal
coronary angiogram is not completely understood.
Functional impairment of the coronary microvasculature causing an abnormal coronary flow reserve is the generally suspected mechanism [20,
21]. In the present double-blind, randomized and
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Figure 2. Endothelial function (expressed as %
change from baseline values) during the study follow-up. A – flow-mediated dilation (FMD), B – nitroglycerine-mediated dilation (NMD), C – reactive hyperemia index (RHI), D – augmentation index (AI),
and E – AI/75 (augmentation index normalized to
heart rate 75/min)
SV1 – 1st control study visit at 3 months, SV2 – 2nd study
visit at 6 months of follow-up.

placebo-controlled interventional pilot study we
found that in this group of patients treatment
with a moderate dose of atorvastatin (20 mg/day)
significantly improves endothelial function at the
level of large conduit arteries, while at the same
time no correlation was found with the potential
effects on peripheral microcirculatory endothelial
functioning.
The present study reports for the first time the
positive vascular effects of a moderate dose of
atorvastatin in patients with AP and a normal coronary angiogram. Previous studies demonstrated
that statins, in parallel with their lipid-lowering effects, exert additional, pleiotropic effects, including significant endothelial function improvement,
inhibition of inflammation, and stabilization of
atherosclerotic plaques [10–14, 22]. In our study,
atorvastatin significantly improved FMD at the
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Table IV. Seattle Angina Questionnaire (SAQ) scores and the differences between the study groups during the
entire study period
Variable

Atorvastatin group (n = 27)

Placebo group (n = 31)

SV0

SV1

SV2

SV0

SV1

SV2

Physical limitation

88.53 ±10.10

92.68 ±7.90

93.75 ±7.85

79.77 ±13.26

86.47 ±12.52

89.73 ±8.56

Angina stability

61.81 ±25.29

72.92 ±23.47

72.91 ±23.47

66.13 ±26.70

67.74 ±22.33

66.67 ±23.96

Angina frequency

83.33 ±13.68

83.68 ±14.84

86.46 ±12.24

83.60 ±14.83

86.56 ±12.67 87.10 ±14.57

Treatment satisfaction

47.25 ±17.74

50.72 ±12.51

51.01 ±7.14

53.98 ±20.70

57.42 ±12.49 53.98 ±11.46

Quality of life

51.25 ±18.25

49.58 ±19.89

47.50 ±17.51

54.19 ±17.47

47.74 ±18.92 46.45 ±15.39*

All values are expressed as mean ± standard deviation (SD). SV0 – initial visit, SV1 – 1st control study visit at 3 months, SV2 – 2nd study
visit at 6 months of follow-up. *P-value < 0.05.

level of large conduit arteries (in the range of +70%
to +120%). Smaller studies previously showed
comparable improvement of brachial FMD in
similar groups of patients treated with either
pravastatin or simvastatin. In a single-blinded placebo-controlled study, Kayikcioglu et al. demonstrated a beneficial effect of pravastatin (40 mg/
day for 3 months) on FMD in 20 normolipemic
patients with AP, a positive exercise test and
a normal coronary angiogram in the absence of
coronary artery spasm, determined by hyperventilation. The authors presumed that this beneficial
effect was probably the result of improved endothelial function [23]. Fabian et al. found significant
improvement of FMD and longer time to > 1-mm
ECG ST-segment depression during stress testing
(p < 0.0001) in hypercholesterolemic patients with
AP and a normal coronary angiogram treated with
simvastatin (20 patients randomized to placebo
and 20 to simvastatin 20 mg/day group) [24]. Baller et al. reported improvement of coronary flow
reserve in patients with normal (n = 9) or slightly
abnormal (n = 9) coronary angiograms (minimal
disease with luminal irregularities and/or diameter reduction < 30%), and moderately elevated
LDL-C levels after 6-month lipid-lowering therapy
with simvastatin [25]. Fluvastatin improved coronary flow reserve, endothelial function and exercise tolerance in patients with cardiac syndrome
X, and its beneficial effects were related to the
elevation of nitric oxide and reduction of endothelin-1 [26].
In our study the significant endothelial function
improvement induced by atorvastatin was already
expressed after the first 3 months of treatment,
while prolonged treatment for 6 months did not
result in further FMD increase or its full normalization. The most likely reason is the use of only
a moderate dose of the drug, since available data
suggest that more intensive therapy with higher
doses of atorvastatin (40 or 80 mg/day) is associated with more potent pleiotropic effects [27–29].
However, other authors before also reported posi-

tive effects of low doses of atorvastatin on the microcirculation. Holowatz et al. observed the beneficial effects of low-dose atorvastatin (10 mg/day
for 3 months) on NO-dependent vasodilatation of
cutaneous microvasculature in hypercholesterolemic patients [30, 31].
Endothelial dysfunction measured by FMD
was found to be a marker of early atherosclerotic
changes of the arterial circulation, including coronary arteries [32]. On the other hand, inappropriate endothelial regulation can also be a functional
disorder of coronary microcirculation. It has been
demonstrated that coronary microvascular dysfunction is probably part of a more generalized
vascular disorder, since it is often associated with
endothelial dysfunction of the peripheral conduit
arteries and smooth muscle cell dysfunction in
other organs [33–37]. To the best of our knowledge, to date, the changes in endothelial function
at the level of the peripheral microcirculation in
patients with angina and normal coronary angiogram have not been investigated. In our study
the microcirculatory endothelial function was assessed by peripheral arterial tonometry (PAT) simultaneously with FMD measurements.
While at the study entry endothelial dysfunction assessed by brachial artery FMD was found in
the great majority of our patients, the markers of
microcirculatory endothelial function of digital arteries (assessed by PAT), such as RHI, were found
to be still in the normal range in almost 60% of
the patients. It was demonstrated that vascular
dysfunction registered by PAT is associated with
the presence of various major risk factors and/or
cardiovascular disease [38–40]. Previous studies
indicated a relationship between coronary endothelial dysfunction, as detected by invasive evaluation of the coronary arteries, and the findings
of PAT. It was suggested that PAT potentially offers
a more simplified non-invasive measurement and
less operator-dependent technique, although it
measures vascular functions other than FMD [39,
41]. Moreover, it was shown that PWA predicts
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future adverse outcome events in patients with
obstructive coronary artery disease [42].
In our group of patients with angina and a normal coronary angiogram a moderate dose of
atorvastatin significantly improved FMD, but at
the same time did not improve the endothelial
function of digital arteries expressed by RHI (+5%,
p = 0.897). Although some studies have demonstrated a direct contribution of nitric oxide to
both the brachial artery FMD and digital PAT values, conflicting results regarding the correlation
between these two investigative methods have
been reported [7]. Similarly, our findings confirm
that PAT and brachial artery FMD probably assess
functions of somewhat distinct vascular segments
[43]. On the other hand, the inconsistency of the
results obtained using different measurement
techniques could reflect either the evaluation of
different pathophysiological aspects of the disease, or in addition to those already known, some
still unrecognized factors expressed more in only
one of the evaluated arterial tree segments. For
example, Stulc et al. suggested that dysfunction
of the microcirculation in patients with hypercholesterolemia appears later in the course of atherosclerotic disease [44].
Further research is needed to better explain
the relations between endothelial function at the
level of large conduit (including coronary) arteries
and coronary microcirculation, as well as the pharmacological effects on its improvement. However,
currently only invasive techniques (using quantitative coronary angiography and/or intravascular
ultrasound) involving local delivery of vasoactive
agents are available for this purpose [45].
Using PAT we found an improvement of the AI
normalized to a rate of 75/min in patients treated with atorvastatin compared with placebo (p =
0.077). Such a finding supports the previously reported beneficial effect of atorvastatin on arterial
stiffness and could reflect its positive actions on
the vasculature beyond its lipid-lowering properties [46].
In our study we also evaluated the potential
effect of atorvastatin treatment on the quality of
life in patients with angina and a normal coronary
angiogram. Using a standardized questionnaire
(SAQ) we did not find any significant difference
in various evaluated dimensions between the
two study groups (atorvastatin or placebo). Pizzi
et al. showed that 6 months of combined therapy
with atorvastatin and ramipril improved not only
endothelial function measured by FMD but also
quality of life, determined by the SAQ score [47].
We found a trend in improvement in almost all observed variables in both study groups. Among the
possible reasons for such a finding could be the
simultaneous quite homogeneous comprehensive

834

medical treatment with other vasoactive drugs in
both groups (including bisoprolol, amlodipine and
aspirin), better control of other major risk factors,
such as arterial hypertension, more regular physical activity, and more frequent physician visits.
The most important limitation of our study is
that spontaneous and/or pharmacologically induced spasms of the coronary arteries were not
excluded in the patients enrolled. Intracoronary
testing is not only technically challenging, it is
quite time-consuming, expensive and carries additional risk for patients. One possible weakness
of the study is the inclusion of patients with angiographically present nonobstructive atherosclerotic coronary artery disease, despite the fact that
the two study groups did not differ in this regard.
We have to be aware of the general limitation of
coronary angiography in defining a normal coronary angiogram, since it provides only information
about the contours of the vascular lumen and not
a 3-dimensional view of the vessel wall. More information on its structure and disease changes
can be obtained using more modern methods
such as intravascular ultrasound, optical coherence tomography and coronary angioscopy, which
were not used in our study. Furthermore, obesity
and arterial hypertension per se, both well-known
major CVD risk factors associated with endothelial dysfunction, were not listed among the exclusion criteria [48, 49]. Among the reasons for
this decision is their high prevalence in patients
with AP, and that numerous other exclusion criteria already significantly reduced the number of
potentially eligible patients for the study. Since
there were no differences between the groups
regarding obesity, we trust it did not importantly
influence our results. On the other hand, patients
with uncontrolled arterial hypertension were excluded, while at the same time we ensured quite
homogeneous treatment of arterial hypertension
for all enrolled patients with the study drugs used.
By combining a β-blocker (bisoprolol) and calcium channel blocker (amlodipine) we also tried to
avoid their potentially confounding effects in case
they would be used only by a limited number of
study participants.
We would also like to emphasize the strengths
of our study. First and the foremost, this was
a double-blinded and placebo-controlled study.
Second, due to the numerous exclusion criteria,
the study group was quite homogeneous, and potentially confounding factors affecting endothelial
function were reduced. Finally, the effects of atorvastatin were evaluated not only in terms of lipid
lowering and endothelial function improvement
but also with regard to the different aspects of the
quality of life of patients with AP and a normal
coronary angiogram.
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Moderate-dose atorvastatin improves arterial endothelial function in patients with angina pectoris and normal coronary angiogram:
a pilot study

In conclusion, in our double-blind, placebo-controlled, randomized pilot study, a statistically significant difference in FMD of the brachial artery in
patients treated with atorvastatin compared with
placebo was found. This suggests that atorvastatin has a favorable effect on the endothelial function of large conduit arteries in patients with AP
and a normal coronary angiogram and probably
has positive effects on the endothelial function of
coronary arteries in these patients. On the other
hand, no correlation between the measurement
of endothelial function by PAT and brachial artery
FMD was found. Our findings suggest that PAT
and brachial artery FMD assess the endothelial
function of distinct vascular segments and are not
comparable.
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