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Abstract:

We sought to determine if atorvastatin lowers blood pressure in patients with previously diagnosed and well-controlled essential ar-

terial hypertension and if this effect could be related to anti-inflammatory and anti-oxidative effects. Among 92 patients with essen-

tial arterial hypertension, we studied 56 non-smoking and normolipemic: 39 were randomized to receive 80 mg atorvastatin daily for

3 months (statin-treated patients, ST), and the rest continued a previous hypotensive therapy (statin-free patients, SF). Blood pres-

sure was measured using a 24-h ambulatory blood pressure measurement device. Serum levels of high-sensitivity C-reactive protein

(hs-CRP), total antioxidant status (TAS) and plasma peroxides (assessed by Oxystat) were measured in both groups. The mean

change in systolic BP (SBP) for atorvastatin was –5.7 mmHg (95% confidence interval CI, –4.1 to –7.2 mmHg), and the mean

change in diastolic BP (DBP) was –3.9 mmHg (95% CI, –2.7 to –5.0 mmHg). No change in BP in SF patients was observed. In the ST

group, hs-CRP and peroxides did not significantly decrease. In the SF group, concentrations of hs-CRP proceeded to decrease while

peroxides increased. In the ST group, changes in hs-CRP correlated with changes in total cholesterol and low-density lipoprotein

cholesterol (r = 0.41, p = 0.013 and r = 0.35, p = 0.04, respectively) but did not correlate with changes in BP. The hypotensive statin

effect was independent of the hypolipemic effect. During three months of observation, TAS concentrations in both groups remained

stable. In this randomized study, additionally administered atorvastatin to non-smoking and normolipemic patients with well-

controlled essential arterial hypertension resulted in reduction of BP. This effect was not followed by significant changes in hs-CRP,

TAS or Oxystat concentrations. The hypotensive effect of atorvastatin did not depend on anti-inflammatory, anti-oxidative or hypoli-

pemic actions.
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Abbreviations: ABPM – ambulatory blood pressure measure-

ment, BP – blood pressure, CI – confidence interval, DBP –

diastolic blood pressure, HDL – high-density lipoprotein cho-

lesterol, hs-CRP – high-sensitivity C-reactive protein, HTN –

essential arterial hypertension, LDL – low-density lipoprotein

cholesterol, NO – nitric oxide, ox-LDL – oxidized low density

lipoprotein, PGI� – prostacyclin, ROS – reactive oxygen spe-

cies, SBP – systolic blood pressure, SD – standard deviation,

SF – statin-free, ST – statin-treated, TAS – total antioxidant

status, TC – total cholesterol, TG – triglycerides

Introduction

Statins, the most widely used drugs to treat hypercho-

lesterolemia, can improve blood pressure control in

hypertensive patients [4]. They have a pleiotropic ef-

fect that goes beyond lowering cholesterol levels.
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Some of these actions – anti-inflammatory and anti-

oxidative – could explain their hypotensive effect. Through

reducing inflammation and oxidative stress, statins shift

the balance from vasoconstriction to vasodilation [19].

Recent interest has been directed toward investigat-

ing the role of endothelial dysfunction and oxidative

stress, which are important in the pathogenesis of ar-

terial hypertension. Low-grade inflammation, meas-

ured as elevated levels of high-sensitivity C-reactive

protein (hs-CRP), may be implicated in the develop-

ment of endothelial dysfunction, which leads to arte-

rial hypertension [14]. In addition, essential arterial

hypertension (HTN) is associated with greater than

normal lipoperoxidation and imbalance of anti-

oxidant status, suggesting that oxidative stress is im-

portant in the pathogenesis of HTN [16].

The aim of the present study was to evaluate if high

dose atorvastatin added to the standard antihypertensive

therapy lowers blood pressure and if this effect depends

on anti-inflammatory or anti-oxidative mechanisms.

Materials and Methods

Selection of the study population

Among 92 patients referred to our outpatient clinic

with previously diagnosed and well-controlled HTN,

we studied 56 non-smoking and normolipemic pa-

tients with a median age of 53 years (25%; 75% quar-

tile range: 44; 64), 32 of whom were males. Thirty-

nine of them were randomized to receive 80 mg ator-

vastatin daily for 3 months (statin-treated patients,

ST), and the rest continued a previous hypotensive

therapy (statin-free patients, SF). When a patient ful-

filled the inclusion criteria and gave written consent,

he or she was registered as a study participant. The

physician then contacted an independent study at the

registration office, from which the randomization

code was obtained. Sixty patients were planned to be

randomized in an open-label manner in the proportion

of 2:1 (ST:SF). This sample size provides a power of

80% to detect a clinical difference of treatment groups

in the primary endpoint at 5% level of significance.

Blood pressure was measured in the ambulatory

condition using a 24-h ambulatory blood pressure

measurement device (ABPM, Tracker Reynolds

NIBP2, Reynolds Medical, Hertford, UK). Cuffs of

an appropriate size were used on the nondominant

arm with the automatic readings provided at 10 min

intervals during the day (from 6:00 a.m. to 10:00

p.m.) and 20 min intervals during the night (from

10:20 p.m. to 05:40 a.m.). Automatic deflation of the

equipment was no more than 2 mmHg per second. All

patients were instructed to engage in normal activi-

ties, refrain from strenuous exercise and keep the arm

extended at the time of cuff inflations. Only record-

ings with more than 85% valid values were analyzed.

Based on recent recommendations, HTN was diag-

nosed when the median 24-h value of systolic blood

pressure (SBP) was 125–130 mmHg and/or the me-

dian value of diastolic blood pressure (DBP) ex-

ceeded 80 mmHg [12]. Patients with a known secon-

dary reason for HTN, any history of symptoms of

coronary artery disease, diagnosed diabetes mellitus,

renal dysfunction (eGFR < 60 ml/min) or symptoms

of heart failure were excluded. All patients were

treated according to the current guidelines [12]. Only

two patients received aspirin.

The study design was compliant with the Helsinki Dec-

laration of 1975 as revised in 1996 and it was approved by

the local institutional committee on human research (Insti-

tutional Review Board – Local Bioethics Committee of

Bia³ystok Medical University). Informed consent of all

participants studied for the report was obtained.

Blood sampling and biochemical measurements

Venous blood samples were obtained between 8:00

a.m. and 10:00 a.m. from fasting patients. After 20

min, venous blood samples for hs-CRP and total anti-

oxidant status (TAS) were collected into tubes with

clotting activation system and for peroxides into tubes

containing EDTA. All samples were centrifuged within

2 h after drawing and stored at –80°C until assayed.

Serum levels of hs-CRP were determined using the

immunoturbidimetric method (CRP High-sensitivity

assay kits, Thermo Electron Corporation, Ratastie,

Finland) according to the manufacturer’s instructions.

The intra-assay CV% is reported by the manufacturer

of the assay kits as 2.3% at an hs-CRP mean concen-

tration of 2.41 mg/l.

TAS was measured using the enzymatic method

with peroxidase by commercially available RAN-

DOX TAS kits (Randox, Ardmore, United Kingdom)

according to the manufacturer’s instructions. In this

method, ABTS® (2,2 azino-di-[3-ethylbenzthiazoline

sulfonate]) is incubated with a peroxidase metmyo-
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globin and H2O2 to produce the radical cation

ABTS®*+. This cation has a relatively stable blue-

green color, which is measured at 600 nm. Antioxi-

dants in the added serum sample suppress this color

production to a degree that is proportional to their

concentration.

Plasma concentrations of peroxides were measured

using the colorimetric assay kit Oxystat (Biomedica,

Wien, Austria), according to the manufacturer’s in-

structions. Results show a direct correlation between

free radicals and circulating biological peroxides,

which allows the characterization of the oxidative

status in biological samples. The peroxide concentra-

tion is determined by the reaction of the biological

peroxides with peroxidase and subsequent color reac-

tion using TMB (tetramethylbenzidine) as a substrate.

After addition of a stop solution, the colored liquid is

measured photometrically at 450 nm. The intra-assay

coefficient of variation is referred to by the manufac-

turer of assay kits as 3.1% at a peroxide mean concen-

tration of 221 µmol/l, SD = 6.9 µmol/l.

Statistical analysis

Results are expressed as the means ± SD or CI and

medians with 25% to 75% interquartile ranges as ap-

propriate (continuous variables) or as proportions

(categorical variables). Associations between continu-

ous and categorical variables were examined using

the Mann-Whitney U test, and associations between

categorical variables were examined using the �
� test.

Concomitant treatment during observation was as-

sessed using Cochrane’s Q test. The Wilcoxon signed-

rank test was performed for the repeated measure-

ments. Associations of hs-CRP changes and hypoten-

sive and hypolipemic effects were assessed using

Pearson’s correlation analysis. Multiple regression

analysis was performed to indicate factors that were

associated with blood presure changes during statin

treatment. All analyses were carried out using Statis-

tica 8.0 (StatSoft, Tulsa, OK, USA); p < 0.05 was

considered statistically significant.

Results

The baseline systolic and diastolic blood pressures in

statin-treated and statin-free groups were similar: 129.0

mmHg (± 11) vs. 129.5 mmHg (± 13.0), p = 0.8 for

SBP and 76.0 mmHg (± 9.0) vs. 74.0 mmHg (± 7.6), p

= 0.6 for DBP, respectively (Tab. 1). The proportion

of antihypertensive agents was similar between

groups (Tab. 1).
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Tab. 1. Changes in blood pressure values, changes in lipid profiles
and antihypertensive treatment in statin-treated and statin-free pa-
tients

Blood
pressure

Atorvastatin
treatment

p Standard
treatment

p

Baseline After
3 months

Baseline After
3 months

Systolic
BP,
mmHg
the mean
± SD

129.0
± 11.0

123.3
± 8.9

< 0.05 129.5
± 13.0

128.5
± 9.7

0.9

Diastolic
BP,
mmHg
the mean
± SD

76.0
± 9.0

72.1
± 8.6

< 0.05 74.0
± 7.6

74.0
± 7.6

0.8

TC,
mg/dl,
the mean
± SD

196
± 35.4

137.9
± 40.5

< 0.05 157.3

± 33.9

135.9
± 27.9

0.02

LDL,
mg/dl,
the mean
± SD

124.5
± 32.6

74.4
± 33.7

< 0.05 92.7
± 28.2

70.5
± 24.4

0.4

HDL,
mg/dl,
the mean
± SD

48.0
± 11.4

45.7
± 10.8

0.08 45.1
± 9.8

45.6
± 8.6

0.8

TG,
mg/dl,
the mean
± SD

117.6
± 50.7

89.8
± 50.6

< 0.05 97.7
± 34.0

99.4
± 50.5

0.02

Antihypertensive treatment

ACEI, % 65.9 76.5 0.4

ARB, % 6.8 5.9 0.9

CA, % 29.6 41.2 0.4

BB, % 52.3 58.8 0.6

Diuretics, % 50.0 70.1 0.1

BP – blood pressure; SD – standard deviation; TC – total cholesterol;
LDL – low-density lipoprotein cholesterol; HDL – high-density lipo-
protein cholesterol; TG – triglycerides: ACEI – angiotensin-
converting enzyme inhibitors; ARB – angiotensin receptor blockers;
CA – calcium antagonists; BB – beta-blockers
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Atorvastatin treatment Standard treatment

Fig. 1. Changes in blood pressure in one group receiving atorvastatin and one group receiving standard treatment. BP blood pressure

Tab. 2. Changes in biochemical parameters in the course of atorvastatin and standard treatment

Atorvastatin treatment p Standard treatment p

Baseline After 3 months Baseline After 3 months

hs-CRP, mg/l the mean SD 3.5 ± 4.6 2.5 ± 2.3 0.1 4.8 ± 9.5 4.6 ± 11.9 0.5

Oxystat, µmol/l the mean SD 326.8 ± 194 316.5 ± 160 0.5 249.1 ± 139.8 275.5 ± 166.5 0.9

TAS, mmol/l the mean SD 1.5 ± 0.2 1.5 ± 0.4 0.3 1.4 ± 0.3 1.4 ± 0.3 0.8

hs-CRP – high-sensitivity C-reactive protein; TAS – total antioxidant status; SD – standard deviation

Fig. 2. Changes in hs-CRP, TAS and Oxystat concentrations in one group receiving atorvastatin and one group receiving standard treatment.
hs-CRP – high-sensitivity C-reactive protein; TAS – total antioxidant status; Oxystat – an assay for plasma concentrations of peroxides



Atorvastatin significantly reduced total cholesterol

(TC), low-density lipoprotein (LDL) and triglycerides

(TG) concentrations (Tab. 1). In SF patients, TC and

TG concentrations also significantly decreased. After

three months of treatment, BP values significantly de-

creased in ST patients (Tab. 1). The mean change in

systolic BP for atorvastatin was –5.7 mmHg (95% CI,

–4.1 to –7.2 mmHg) and the mean change in diastolic

BP was –3.9 mmHg (95% CI, –2.7 to –5.0 mmHg)

(Fig. 1). This hypotensive effect was not observed in

SF patients: for SBP, p = 0.9 and for DBP, p = 0.8

(Tab. 1, Fig. 1). During atorvastatin treatment, hs-

CRP and peroxide concentrations decreased, but the

alterations were not significant (Tab. 2, Fig. 2). In the

SF group, hs-CRP decreased while peroxides levels

increased, though neither change was significant

(Tab. 2, Fig. 2). After three months of atorvastatin

therapy, TAS concentrations did not change; a similar

result was found in the SF group (Tab. 2, Fig. 2).

There were no significant correlations between CRP

and BP changes. Changes in CRP correlated with

changes in TC and LDL (r = 0.41, p = 0.013 and r =

0.35, p = 0.04, respectively) (Fig. 3). In the multiple

regression analysis, both systolic and diastolic blood

pressure value reductions were influenced by the

baseline values of SBP and DBP and the use of ator-

vastatin. Blood pressure decrease both systolic and

diastolic was not altered by hs-CRP reduction, which

was observed after statin treatment (Tab. 3). The hy-

potensive statin effect was independent of the hypoli-

pemic effect (Fig. 4).

Discussion

Statins, in addition to their unquestionable ability to

decrease lipid levels, have other biological actions,

mostly relevant to improvement of endothelial func-

tion and arterial compliance. Some data indicate the

direct effect of statins on blood pressure. After three

months of atorvastatin treatment, Ferrier et al. [6]

showed a mean change of –6 mmHg in SBP in

a group of patients with isolated systolic hyperten-

sion. In our hypertensive patients, atorvastatin signifi-
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Fig. 3. Correlations between hs-CRP and TC and LDL concentrations
(p = 0.013 and p = 0.04, respectively). hs-CRP – high-sensitivity C-
reactive protein; TC – total cholesterol; LDL – low-density lipoprotein
cholesterol

Tab. 3. Multiple regression analysis

Systolic blood pressure (R� = 0.63, p = 0.00001)

Beta p

Age –0.07 0.56

Baseline SBP –0.72 0.000003

Atorvastatin –0.31 0.007

TC change after 3 months –7.4 0.42

Hs-CRP change after 3 months 0.03 0.76

TAS change after 3 months –0.3 0.06

Diastolic blood pressure (R� = 0.39, p = 0.00039)

Beta p

Age –0.22 0.11

Baseline DBP –0.45 0.001

Atorvastatin –0.29 0.04

TC change after 3 months –0.21 0.14

Hs-CRP change after 3 months 0.10 0.47

TAS change after 3 months –0.21 0.09

SBP – systolic blood pressure; DBP – diastolic blood pressure; TC –
total cholesterol concentration; hs-CRP – high-sensitivity C-reactive
protein; TAS – total antioxidant status



cantly reduced BP values and we obtained not only

a significant reduction of SBP but also DBP values in

the course of three months of atorvastatin treatment.

The hypotensive effect of statins could be masked

by the action of antihypertensive agents administered

simultaneously. However, Borghi et al. [3] demon-

strated that the use of statins in combination with anti-

hypertensive drugs can improve blood pressure con-

trol in patients with uncontrolled hypertension. Even

though our non-smoking and normolipemic patients

received a standard treatment of HTN, they received

the beneficial hypotensive effect of additionally ad-

ministered atorvastatin. Baseline BP values were

similar in both groups and during the study antihyper-

tensive treatment did not change in the ST, or SF

group, which additionally emphasize atorvastatin hy-

potensive effect. Statins can decrease vasoconstriction

and pressor response to vascular agonists, like angio-

tensin II [13]. This effect could be the explanation for

the reported interaction between statins and some

classes of antihypertensive agents [2]. In light of re-

cent data, we also wanted to verify if atorvastatin

therapy would improve BP control. Our patients, al-

though well treated, had an additional hypotensive ef-

fect when they received atorvastatin. The BP response

to statins was strongly influenced not only by the use

of the statin but also by the baseline systolic and dia-

stolic blood pressure values. Interestingly, age did not

influence BP responses.

Anti-inflammatory and anti-oxidative effects are,

among other possible explanations, easier to elucidate

as potential hypotensive mechanisms of statins.

High-sensitivity CRP levels are higher in patients

with arterial hypertension than in normal individuals

[22]. Recent studies have demonstrated the contribu-

tion of low grade inflammation, measured as hs-CRP

levels, in various patients with hypertension, includ-

ing those with “white-coat” or resistant hypertension

[14, 17]. CRP could be an independent risk factor for

the development of hypertension [1]. The results of

the ICEBERG study disclosed that the use of hs-CRP

might be helpful in stratifying hypertensive patients

into specific risk groups [9]. Thus, hs-CRP is an im-

portant biomarker in hypertensive patients with re-
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Fig. 4. Correlation between blood
pressure changes and lipid profile val-
ues during statin therapy (the partial
correlations, all p = ns). BP – blood
pressure; TC – total cholesterol; TG –

triglycerides; HDL – high-density lipo-
protein cholesterol; LDL – low-density
lipoprotein cholesterol



gard to assessment of risk, diagnosis and prediction of

complications. Regarding the anti-inflammatory ef-

fect of statins, it was reasonable to assess hs-CRP

concentration in the course of atorvastatin treatment

in hypertensive patients. In our study we found a de-

crease in hs-CRP concentration in the group of pa-

tients receiving atorvastatin. Although the change was

insignificant, it was larger than in the statin-free

group. However, changes of CRP did not correlate

with changes in BP, and BP reduction was not altered

by CRP reduction. The changes in CRP were only

concomitant with cholesterol reduction, which seems

to be the main (and probably only) mechanism of the

benefit of statins.

Recent studies have shown that increased produc-

tion of oxygen-derived free radicals (reactive oxygen

species, ROS) could play an important role in the de-

velopment and consolidation of HTN. ROS produc-

tion (termed “oxidative stress”) is associated with en-

dothelial dysfunction [8]. Peroxides cause vascular

contraction. Therefore, the latest theories indicate that

the increase in vasoconstriction, which contributes to

arterial hypertension, is associated with a greater pro-

duction of free radicals. Oxystat is an assay that meas-

ures total peroxide concentration [5]. We found an in-

significant decrease in peroxide concentration, meas-

ured by Oxystat, in patients receiving atorvastatin

compared to the statin-free group.

On the other hand, it is worth noting that essential

hypertension is associated not only with greater than

normal lipoperoxidation but also with a decrease in

anti-oxidant status. In fact, this imbalance in the pro-

oxidant and anti-oxidant status shifts in hypertensive

patients. Decreased TAS was found in patients with

sustained and “white-coat” hypertension [21]. Lantos

et al. [11] found that TAS values were below the normal

range in hypertensive patients and increased gradually

following antihypertensive treatment. In contrast to the

above results and to our expectations, we found no dif-

ferences in TAS concentrations in the course of atorvas-

tatin treatment or in the statin-free group.

We did not prove that the hypotensive statin effect

was related to anti-inflammatory or anti-oxidative ac-

tions. Among various pleiotropic statin mechanisms

of action, perhaps others could be more responsible

for this effect. Increased production of contracting

factors, like oxidized low-density lipoprotein (ox-

LDL), a marker of oxidative stress, and decreased

production of vasodilators, like nitric oxide (NO) and

prostacyclin (PGI2), may also play an important role

in the development and consolidation of HTN [7, 10, 18,

20]. The potential influence of statins on these mecha-

nisms could be the essence of their hypotensive effect.

To assess blood pressure, we used a precise ambu-

latory blood pressure measurement device. It meas-

ures more accurately than clinic blood pressure the

extent of blood pressure reduction induced by treat-

ment and is not influenced by the “white coat” effect

[15]. This accuracy could be why, despite insignifi-

cant changes in measured biomarkers, we showed

a significant reduction of BP values in patients who

received atorvastatin. Interestingly, in both groups,

during three months of observation, TAS concentra-

tions did not change. This may be explained by the

small sample size of the study.

Moreover, in our study, the hypolipemic effect was

present in both groups. Both groups of patients fol-

lowed a hypolipemic diet, which could be the reason

for the decrease in cholesterol levels observed in the

patients not treated with statins. The decrease in TC

and TG observed in the patients not treated with

statins was probably due to following a strict hypoli-

pemic diet. However, the hypotensive effect, which

was observed only in the statin-treated group, was in-

dependent of lipid-lowering.

Conclusions

Our study suggests that the treatment of hypertensive

patients with a high dose of atorvastatin lowers blood

pressure, even when added to standard antihyperten-

sive therapy. However, this effect, independent of

lipid-lowering, is not related to the beneficial anti-

inflammatory or anti-oxidative statin effect.

Study limitations

The main limitation of this study is the relatively

small number of patients enrolled, due to the strict in-

clusion criteria. Therefore, the interpretation of results

and discussion should be performed with caution.

However, the patients were included prospectively

and were investigated thoroughly, so the authors con-

sider the results obtained as being representative. Ob-

jectively, this study was designed as a cross-over trial;

therefore, the present report has a pilot character and

it will be strengthened by further publications.
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