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Abstract: Background: Emerging experimental and clinical data indicates that erythropoietin (EPO) have significant
roles in the cardiovascular system. But the relationship between endogenous EPO levels and arterial stiffness re-
mains unknown. We investigated the EPO levels in relation to arterial stiffness parameters in patients with never
treated newly diagnosed hypertension (HT). Methods: We studied 42 (47.8 + 10 years) never treated HT patients
and age and gender-matched 40 (47 * 8.6 years) normotensive individuals. Serum EPO levels were determined in
all subjects using the chemiluminescence immunoassay kit. We evaluated heart rate-corrected augmentation index
(AIx@75), a marker of wave reflections and aortic pulse wave velocity (PWV) as indices of elastic-type aortic stiffness
using applanation tonometry (Sphygmocor). Results: The levels of EPO were not significantly different in hyperten-
sive patients and the controls (10.6 £ 5 vs. 11.6 + 9, mIU/mL, p = 0.5). Aortic PWV (10.3 + 2.3 vs. 8.7 + 1.6 m/s, p
=0.0001) and Alx@75 (22.7 + 10 vs. 15 + 11, %, p = 0.002) were significantly higher in hypertensive patients than
the controls. EPO levels were not correlated with brachial and central pressures. Also EPO level was not significantly
correlated with AIx@75 (r =-0.15, p = 0.17) and aortic PWV (r =-0.16, p = 0.13). Conclusion: Results from this study
indicate that endogenous EPO levels may not be a factor in development of increased arterial stiffness.
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Introduction the function of EPO may involve extra-hemato-

. . . L poietic systems [6-8].
Arterial stiffness is a potential risk factor for

increased cardiovascular events in patients Administration of recombinant human EPO is

with hypertension (HT) and healthy individuals
[1, 2]. Arterial stiffness and wave reflections
are increasingly used in the clinical assess-
ment of patients with HT [1]. Pulse wave veloc-
ity (PWV) and the aortic augmentation index
(Alx) are the main methods for assessing arte-
rial stiffness [3]. That is, arterial stiffness itself
is a complex phenomenon consisting of several
distinct processes which include structural ele-
ments within the arterial wall, vascular smooth
muscle tone, chronic low-grade inflammation,
and impaired endothelial function [4]. There-
fore, there is an increasing interest in factors
mediating development of increased arterial
stiffness.

Erythropoietin (EPO) is a hypoxia-inducible hor-
mone that is essential for normal erythropoie-
sis [5]. The discovery of widespread expression
of EPO receptors in the cardiovascular system
and nonhematopoietic tissues indicates that

an efficient therapeutic approach to anemia
associated with chronic renal failure [9]. But, a
rise in blood pressure or a need for augmenta-
tion of antihypertensive medications is noticed
in approximately one third of Epo-treated
patients [10-12]. Yet, it has been implicated
that EPO causes vasoconstriction, mainly in the
small resistance vessels [13].

The role of endogenous EPO on the arterial stiff-
nessin hypertensive patients remains unknown.
Hence, we investigated the EPO level and its
relation to aortic PWV and Alx in newly diag-
nosed untreated hypertensive patients.

Materials and methods
Study population

In this study, 42 consecutive newly diagnosed
hypertensive individuals (47.8 £ 10 years) were
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Table 1. Clinical and biochemical characteristics of the study groups

sounds were used for sys-

Control (n = 40)

tolic and diastolic blood

Age (years) 47 + 8.6
Male (%) 72
Body mass index (kg/m?) 291+4.1
Smoking (%) 25
Systolic BP (mmHg) 119 + 10
Diastolic BP (mmHg) 778
Pulse Pressure (mmHg) 42 +6
Heart rate (bpm) 68 +9
Total cholesterol (mg/dL) 197 + 37
Triglyceride (mg/dL) 176 + 92
LDL cholesterol (mg/dL) 128 + 31
HDL cholesterol (mg/dL) 47 £ 15
Glucose (mg/dL) 95.3 + 28
Haemoglobin (g/dL) 142 +1.2
Creatinine (mg/dL) 0.87+0.1
Erythropoietin (mIU/mL) 11.6+9

Hypertension (n = 42) p .
478 1 10 0.7 p.ressure. Appropriate cuff
sizes were chosen for
57 0.1 N .
each subject’'s arm cir-
30+5 0.35 cumference. In each sub-
28 0.45 ject, brachial artery blood
160 +15 0.0001 pressure was measured
94+ 10 0.0001 in at least three separate
64+ 14 0.0001 days after 15 min of com-
72+ 12 0.13 fortably sitting and the
212 + 37 0.08 average of the measure-
191 + 154 0.6 mentswasrecorded. Acco-
150 + 81 0.1 rding to guidelines from
53 + 17 01 the JNC 7 report, HT was
92 + 15 0.6 defined as a systoli-c BP gf
0.83+£0.1 0.3 - ’
10.6 +5 0.5

BP: Blood pressure, LDL: Low-density lipoprotein, HDL: High-density lipoprotein.

enrolled and study parameters were obtained
before initiation of antihypertensive therapy. A
total of 40 age and gender-matched normal
subjects (47 + 8.6 years) were also studied. The
diagnosis of HT was established according to
the JNC seventh report [14]. Those patients
with associated hemolytic, hepatic and renal
diseases, diabetes mellitus, heart failure, val-
vular heart disease, and ejection fraction less
than 50%, history of coronary artery disease or
acute coronary syndromes, pregnancy, hyper-
trophic cardiomyopathy were excluded. Written
informed consent was obtained from each sub-
ject, and the Institutional Ethics Committee
approved the study protocol.

Measurement of erythropoietin levels

Blood samples for measuring EPO levels was
drawn from an antecubital vein. Serum was
immediately obtained by centrifugation of the
blood at 3000 g for 10 min at +4°C and then
stored at -20°C until assayed. Serum EPO lev-
els was measured in all samples by automated
two-site sandwich immunoassay with chemilu-
minescent detection kits (IMMUNLITE 2000,
Diagnostic Products Corporation, Los Angeles,
CA).

Blood pressure measurement

Brachial artery blood pressure was measured
with a mercury sphygmomanometer in an office
setting; the first and fifth phases of Korotkoff
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Measurement of pulse
wave velocity

Aortic PWV was determined with the foot-to-
foot method using the SphygmoCor system
(AtCor Medical, Sydney, Australia) [3].
Consecutive registrations of the carotid and
femoral artery pulse waves, which are electro-
cardiogram gated and thus, the time shift
between the appearance of wave at the first
and the second sites were calculated. The dis-
tance between the two sites was measured on
the body surface; to determine aortic PWV in
meters/second (m/s). We used the total dis-
tance between the carotid and femoral sites of
measurement. The average of measurements
over a period of 8 s (9-10 cardiac cycles) was
calculated after the exclusion of extreme
values.

Pressure waveform analysis

Assessment of arterial wall properties and
wave reflection characteristics was performed
noninvasively using the SphygmoCor system
(Sydney, Australia). Radial artery pressure
waveforms were recorded at the wrist, using
applanation tonometry with a high-fidelity
micromanometer (Millar Instruments, Houston,
Texas). After 20 sequential waveforms had
been acquired and averaged, a validated gen-
eralized mathematical transfer function was
used to synthesize the corresponding central
aortic pressure waveform [15]. Alx and aug-
mentation pressure (AP) were derived from this
with the technique of pressure waveform analy-
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Table 2. Pulse wave analysis and velocity in the study groups

signifiant.  Statistical

Normotensive (n = 40)

Hypertension (n = 42) p

analyses were per-

Central Aortic Pressure

Systolic (mmHg) 108 + 11

Diastolic (mmHg) 78+8

Pulse pressure (mmHg) 30+6
AP (mmHg) 6+4.3
Augmentation index (%) 18+ 11
AlX@75 (%) 15+ 11
Aortic-PWV (m/s) 8.7+1.6

formed using SPSS so-
ftware (Version 10.0,

+ . .
140+ 15 00001 gpgs  Inc., Chicago,
93+ 11 00001 |
48 + 13 0.0001
122+ 7.8 0.0001 Results

24+ 11 0.02
22.7+10 0.002 Patients character-
103+ 2.3 0.0001  'stics

AP: Augmentation pressure, Alx@75: Heart rate-corrected augmentation index, PWV: Pulse

wave velocity.

sis [3]. The merging point of the incident and
the reflected wave (the inflection point) was
identified on the generated aortic pressure
waveform. AP was calculated by the maximum
systolic pressure minus pressure at the inflec-
tion point. The Alx was defined as the AP divid-
ed by pulse pressure and expressed as a per-
centage. Larger values of Alx indicate increased
wave reflection from the periphery or earlier
return of the reflected wave as a result of
increased pulse wave velocity (attributable to
increased arterial stiffness). Alx is dependent
upon the elastic properties of the entire arterial
tree (elastic and muscular arteries). In addition,
because Alx is influenced by heart rate, an
index normalized for heart rate of 75 bpm
(Alx@75) was used in accordance with Wilkinson
et al [16].

Only high-quality recordings, defined as an in-
device quality index of > 80% (derived from an
algorithm including average pulse height, pulse
height variation, diastolic variation, and the
maximum rate of rise of the peripheral wave-
form) and acceptable curves on visual inspec-
tion, were included in the analysis. All measure-
ments were performed by the same person
with the patient in the supine position in a quiet
temperature-controlled room after a brief rest
period of at least 5 min.

Statistical analyses

Continuous data are expressed as the mean %
SD. Comparison between two groups was per-
formed using the unpaired t test or nonpara-
metric means test (Mann-Whitney U test) for
continuous variables, and using the Fisher
exact test for categoric variables. Correlations
between serum EPO levels and other variables
were evaluated by the Pearson correlation test.
A p value of < 0.05 was considered statistically
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Baseline clinical and

demographic charac-

teristics of the study
population are shown in Table 1. There were no
significant differences in age, gender, cigarette
smoking status, heart rate, body mass index,
fasting glucose, hemoglobin, serum creatinine
and lipid profiles between the groups (Table 1).
Serum EPO level was similar between in
patients HT and controls (10.6 + 5vs. 11.6 + 9,
mlU/mL, p = 0.5) (Table 1). As expected, bra-
chial blood pressures were higher in patients
with HT than in normotensive participants
(Table 1).

Pulse wave analysis and velocity

The indices of arterial stiffness and wave reflec-
tions of the study population are presented in
Table 2. Central aortic systolic, diastolic and
pulse pressures were significantly higher in
patients with HT than control subjects (Table
2). Augmentation pressure, Alx, Alx@75 and
aortic PWV were significantly higher in patients
with HT than control subjects (Table 2).

Relationship between serum erythropoietin
level and arterial stiffness

In bivariate correlation analysis, no significant
correlation was observed between erythropoi-
etin and brachial pressures, central aortic pres-
sures, Alx@75 and aortic PWV (Table 3). In
bivariate correlation analysis, AIx@75 was sig-
nificantly associated with (r = 0.37, p = 0.0001)
hemoglobin level (r =-0.29, p = 0.006), brachial
systolic blood pressure (r = 0.42, p = 0.0001),
brachial diastolic blood pressure (r = 0.36, p =
0.001). Aortic-PWV was significantly correlated
with age (r = 0.36, p = 0.001), glucose (r = 0.25,
p = 0.01), brachial systolic blood pressure (r =
0.49, p =0.0001), brachial diastolic blood pres-
sure (r=0.28, p = 0.008).
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Table 3. Bivariate correlation analysis erythro-
poietin level and arterial stiffness

Correlation Analysis

Variables r p
Brachial Blood Pressure
Systolic (mmHg) -0.16 0.15
Diastolic (mmHg) -0.1 0.1
Pulse pressure (mmHg) -0.1 0.1
Central Aortic Pressure -0.14 0.2
Systolic (mmHg) -0.04 0.6
Diastolic (mmHg) -0.1 0.1
Pulse pressure (mmHg) -0.1 0.1
AP (mmHg) -0.13 0.22
Alx (%) -0.11 0.3
Alx@75 (%) -0.15 0.17
Aortic-PWV (m/s) -0.16 0.13

AP: Augmentation pressure, Alx: Augmentation index,
Alx@75: Heart rate-corrected augmentation index, PWV:
Pulse wave velocity.

Discussion

In the present study, we investigated the eryth-
ropoietin levels in relation to arterial stiffness
in patients with newly diagnosed hypertensive
patients. We have found that serum EPO levels
of hypertensive patients and normotensive
subjects were comparable. Moreover, no sig-
nificant relationship was detected between the
EPO levels and the values of AIx@75 and aortic
PWV.

Erythropoietin is a hematopoietic hormone pro-
duced primarily in the kidneys in response to
hypoxia [5]. Experimental studies have shown
protective effect of exogenous EPO treatment
against hypoxic insult in different tissues [17-
19]. It has also been implicated that EPO may
be beneficial in cardiovascular disease [8].
Previous studies showed that, normalization of
hemoglobin levels with EPO in congestive heart
failure patients was associated with improved
LV ejection fraction and enhanced exercise
capacity [20, 21]. It has been suggest that high
endogenous EPO levels may be responsible
from the smaller infarct size in patients with
acute myocardial infarction [22]. On the other
hand the restoration of anemia by EPO is often
associated with a rise in blood pressure
[10-12].

The measurement of PWV is generally accept-
ed as the most simple, non-invasive and highly
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reproducible method for determination of arte-
rial stiffness. A number of conditions, including
advanced age, smoking, hypertension, meta-
bolic syndrome, hypercholesterolemia, and
type Il diabetes are associated with increased
PWYV [3]. In accordance with this, we also deter-
mined significant correlation between AIx@75
and age, hemoglobin level, brachial systolic
blood pressure and brachial diastolic blood.
Additionally the aortic-PWV was significantly
correlated with age, blood glucose, brachial
systolic blood pressure and brachial diastolic
blood pressure. Previous studies have shown
that arterial stiffness increases in hypertensive
individuals [3]. In accordance, compared with
normotensive individuals, aortic PWV and
Alx@75 were higher in our hypertensive sub-
jects, indicating deterioration in arterial stiff-
ness and wave reflections.

The rationale of investigating EPO levels in
association with increased arterial stiffness,
relies on the overlap of the reported vascular
effects of the EPO and physiopathology of arte-
rial stiffness. EPO may have a direct vasopres-
sor effect through muscle contraction at the
level of the small resistance vasculature [13].
In an in vitro study it has been shown that appli-
cation of EPO have been shown to induce con-
tractions of rat aortic smooth muscle cells [23].
It is well-known that increased vascular tonus
leads to impaired arterial compliance [4]. Briet
et al demonstrated that recombinant human
EPO therapy impairs endothelial function in
patients with chronic kidney disease [24]. Also
they found that EPO-induced endothelial dys-
function was significantly associated with
carotid stiffness [24]. It is also well known that
endothelial dysfunctions can lead to alteration
of aortic-PWV and Alx [25]. On the other hand
Bartels et al reported that EPO treatment did
not affect the aortic PWV [26]. In our study we
failed to find any significant correlation between
the EPO levels and aortic PWV and AIx@75.
And, serum EPO levels of patients with HT and
normotensive subjects were comparable.
Additionally serum EPO levels were not signifi-
cantly associated with brachial and central aor-
tic pressure in our study.

The hypertension secondary to the EPO treat-
ment in chronic kidney disease is mainly sug-
gested to be due to its high-dose [27].
Additionally, in a secondary analysis of cardio-
vascular events in trials of anemia correction of
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chronic kidney disease by EPO it was deter-
mined that the increased lethal CV events were
due to its high dose [28]. Our finding of normal
levels of endogenous EPO and lack of signifi-
cant correlation of EPO levels with Alx@75 and
aortic PWV in newly diagnosed untreated
hypertensive patients is in accordance with the
above-mentioned high dose related exogenous
EPO effects. So, the levels of endogenous EPO
in our patients were not related in the present
hypertension and arterial stiffness.

Limitations of study

Small number of patients is a potential limita-
tion of this study. Considering our finding of nor-
mal levels of EPO in hypertensive patients may
be due to the fact that our population was con-
sisted of newly diagnosed untreated hyperten-
sive patients. For a more conclusive statement
on the possible role of endogenous EPO levels
and arterial stiffness there is a need for further
comprehensive studies.

In conclusion, serum EPO levels of hyperten-
sive patients and normotensive controls were
comparable. Also the EPO levels were not a sig-
nificant determinant of AIx@75 and aortic PWYV,
suggesting that endogenous EPO is not associ-
ated with arterial stiffness and wave reflec-
tions.
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