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Abstract:

Objective: Pulse wave velocity (PWV) and aortic augmentation index (AI) are indicators of arterial stiffness. Pulse wave 
reflection and arterial stiffness are related to cardiovascular events and sickle cell disease. However, the effect of these 
parameters on the heterozygous sickle cell trait (HbAS) is unknown. The aim of this study is to evaluate the arterial stiffness 
and wave reflection in young adult heterozygous sickle cell carriers. 
Materials and Methods: We enrolled 40 volunteers (20 HbAS cases, 20 hemoglobin AA [HbAA] cases) aged between 18 
and 40 years. AI and PWV values were measured by arteriography. 
Results: Aortic blood pressure, aortic AI, and brachial AI values were significantly higher in HbAS cases compared to the 
control group (HbAA) (p=0.033, 0.011, and 0.011, respectively). A statistically significant positive correlation was found 
between aortic pulse wave velocity and mean arterial pressure, age, aortic AI, brachial AI, weight, and low-density lipoprotein 
levels (p=0.000, 0.017, 0.000, 0.000, 0.034, and 0.05, respectively) in the whole study population. Aortic AI and age were 
also significantly correlated (p=0.026). In addition, a positive correlation between aortic PWV and systolic blood pressure and 
a positive correlation between aortic AI and mean arterial pressure (p=0.027 and 0.009, respectively) were found in HbAS 
individuals. Our study reveals that mean arterial pressure and heart rate are independent determinants for the aortic AI. Mean 
arterial pressure and age are independent determinants for aortic PWV. 
Conclusion:  Arterial stiffness measurement is an easy, cheap, and reliable method in the early diagnosis of cardiovascular 
disease in heterozygous sickle cell carriers. These results may depend on the amount of hemoglobin S in red blood cells. 
Further studies are required to investigate the blood pressure changes and its effects on arterial stiffness in order to explain 
the vascular aging mechanism in the HbAS trait population.
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Introduction

Sickle cell disease (SCD) affects many systems as it 
is a chronic and hemolytic autosomal recessive disease. 
Atherosclerosis is a common finding in patients with 
sickle cell anemia [1]. Moreover, the most common cause 
of morbidity and mortality in these patients are ischemic 
complications [2]. As a consequence of atherosclerosis, 
arterial stiffness increases. Arterial stiffness causes a faster 
reflection of the forward pulse wave from bifurcation points 
in peripheral vessels. As a result of the new waveform, 
systolic blood pressure (SBP) increases, diastolic blood 
pressure (DBP) decreases, cardiac workload increases, 
and coronary perfusion falls. The role of arterial stiffness 
and wave reflection has been established in many studies 
[3,4]. In addition, the relationship between SCD and pulse 
wave reflection causing stroke has been demonstrated 
[5]. These vascular complications develop as a result of 
microvascular occlusion by dense and rigid sickle cells [6]. 
Inversely, due to lower blood pressure in the homozygous 
sickle cell form (HbSS), aortic pulse wave velocity (PWV) 
was found to be lower than in the healthy hemoglobin AA 
genotype (HbAA) group [7]. Pulse wave velocity (PWV) is 
a susceptible diagnostic element, and it is also involved in 
risk stratification for subclinical organ damage [8]. Based on 
previous studies, if the change of wave reflection and arterial 
stiffness are related to cardiovascular events, there is a need 
for more investigations within sickle cell populations. In 
this study we investigated the relationship between carriers 
of heterozygous sickle cell (HbAS) and arterial stiffness 
parameters. 

Materials and Methods

Patients

Twenty individuals with HbAS (16 women and 4 men, 
mean age of 28.65±6.50 years) and 20 healthy participants 
with HbAA as a control group (16 women and 4 men, 
mean age of 31.10±5.86 years) were included in the study. 
Diagnosis was made by hemoglobin electrophoresis and 
family screening in both groups. Atrial fibrillation and/or 
flutter, chronic renal failure, mild or severe valvular heart 
disease, and other chronic diseases were the exclusion 
criteria. Our local ethics committee approved the study and 
written informed consent was obtained from all participants. 

Physical Examination 

Blood pressures were measured with the aid of a mercury 
sphygmomanometer after subjects rested for at least 15 min 
and had not consumed caffeinated beverages or tobacco 
in the last 12 h. We recorded heart rate by counting the 
number of heart beats in 1 min. Circulatory and cardiac 
examinations were performed. Skin pallor, cold extremities, 
peripheral cyanosis, cardiac cachexia, cardiac murmurs, 
increased apex beat, and third and fourth heart sounds were 
noted as pathological findings on physical examination.

Laboratory Examination

A 12-lead electrocardiogram was recorded on admission. 
Fasting venous blood samples were taken after 12 h of fasting. 
Complete blood count, thyroid function tests, fasting blood 
glucose, blood urea, creatinine, sodium, potassium, total 
cholesterol, low-density lipoprotein cholesterol (LDL-C), 
and hemoglobin electrophoresis were checked for all 
participants. 

Özet:

Amaç: Nabız dalga hızı ve aort artırma indeksi arteryel sertliğin belirleyicileridir. Nabız dalga yansıması ve arteryel sertlik 
kardiyovasküler olaylar ve orak hücre hastalığı ile ilişkilidir. Ancak bu belirteçlerin heterozigot orak hücre taşıyıcılarına 
(HbAS) olan etkisi bilinmemektedir. Çalışmanın amacı genç erişkin heterozigot orak hücre taşıyıcılarında arteryel sertlik ve 
dalga yansımasını değerlendirmektir. 

Gereç ve Yöntemler: Çalışmaya 18-40 yaşlar arası 40 gönüllü (20 Hemoglobin AS, 20 Hemoglobin AA) dahil edildi. 
Arttırma indeksi ve nabız dalga hızı arteriyografi ile ölçüldü. 

Bulgular: Orak hücre taşıyıcılarında aort kan basıncı, aort artırma indeksi, brakiyal artırma indeksi değerleri kontrol grubuna 
(HbAA) göre anlamlı yüksek saptandı (p=0,033, 0.011, 0,011). Tüm çalışma popülasyonunda aort nabız dalga hızı, ortalama 
arter basıncı, yaş, aort artırma indeksi, brakiyal arttırma indeksi, kilo ve düşük yoğunluklu lipoprotein arasında istatistiksel 
pozitif anlamlı korelasyon saptandı (p=0,000, 0,017, 0,000, 0,000, 0,034, 0,05). Aort artırma indeksi ve yaş arasında anlamlı 
korelasyon bulundu (p=0,026). Orak hücre taşıyıcılarında aort nabız dalga hızı ve sistolik kan basıncı ile aort arttırma indeksi 
ve ortalama arter basıncı arasında anlamlı pozitif korelasyonlar saptandı (p=0,027, 0,009). Çalışmamızda ortalama arter basıncı 
ve kalp hızının aort artırma indeksi için, ortalama arter basıncı ve yaşın ise aort nabız dalga hızı için en önemli bağımsız 
belirleyiciler olduğu görüldü.  

Sonuç: Arteryel sertlik ölçümü HbAS taşıyıcılarında erken kardiyovasküler hastalık tanısı için kolay, ucuz ve uygun bir 
yöntemdir. Bu sonuçlar kırmızı kan hücrelerindeki hemoglobin S miktarına bağlı olabilir. Heterozigot orak hücre taşıyıcılarında, 
vasküler yaşlanma mekanizmasını açıklayabilmek için kan basıncı değişimlerinin arter sertliği üzerine olan etkilerini inceleyen 
daha çok çalışmaya ihtiyaç vardır.

Anahtar Sözcükler: Orak hücre, Arteriyel sertlik, Nabız dalga hızı, Yaşam kalitesi
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Echocardiographic Examination

All echocardiographic measurements were obtained 
from the patients at rest. Standard echocardiographic 
examination and pulsed-wave Doppler and tissue Doppler 
imaging were performed on an ACUSON SequoiaTM 
ultrasound machine (Siemens Medical Solutions, USA) 
with a 2.5- or 3.5-MHz phased-array transducer. The mean 
of all recordings from 3 consecutive cycles was used for 
measurements. M-mode measurements of left ventricular 
end-diastolic and end-systolic dimensions and volumes, 
ventricular septal and posterior wall thicknesses, and left 
atrial end diastolic dimensions were calculated in accordance 
with the recommendations of the American Society of 
Echocardiography [9]. Left ventricular mass was calculated 
by use of the Penn formula (1.04 × [(SVd + IVSd + ADd)³ 
– (SVd)³] – 13.6). Left ventricular ejection fraction was 
calculated by use of the modified Simpson technique. Left 
ventricular diastolic function was evaluated in the apical 
4-chamber view by means of pulsed-wave and tissue Doppler 
imaging. The pulsed-wave Doppler imaging was performed 
in order to measure transmitral flow values, including the 
peak early diastolic filling velocity (E), the peak late diastolic 
filling velocity (A), the early diastolic/late diastolic filling 
velocity (E/A) ratio, the E-wave deceleration time, and the 
isovolumic relaxation time. The tissue Doppler imaging was 
performed in order to measure systolic myocardial velocity 
(Sm), peak early diastolic myocardial velocity (Em), and 
peak late diastolic myocardial velocity (Am). The Em/Am 
ratio was calculated at the end of expiration. 

Pulse Waveform Analysis

Assessment of arterial stiffness was performed 
noninvasively with the commercially available Arteriograph 
(TensioMed, Budapest, Hungary) [10]. We measured the 
participants’ oscillometric pulse waves and the distance 
between the jugulum and symphysis (which is the same as 
by the invasive method for the distance between the aortic 
root and the aortic bifurcation), and the PWV was calculated. 
Pulse waves were recorded at suprasystolic pressure. The 
oscillation signs were identified from a cuff inflated to at 
least >35 mmHg above the systolic blood pressure. In this 
state there is complete brachial artery occlusion and it 
functions as a membrane before the cuff. Pulse waves hit 
the membrane and oscillometric waves were measured by 
the device, and we could see the waveforms on the monitor. 
The augmentation index (AI) was defined as the ratio of the 
difference between the second (P2, appearing because of the 
reflection of the first pulse wave) and first systolic peaks (P1, 
induced by the heart systole) to pulse pressure (PP), and it 
was expressed as a percentage of the ratio (AI = [P2 – P1] / 
PP × 100). SBP, DBP, PP, central aortic pressure (AP), heart 
rate, and other hemodynamic parameters were expressed 
as return time (RT, measured in seconds), and diastolic 
reflection area (DRA), systolic area index (SAI %), and 
diastolic area index (DAI %) were measured noninvasively 

with the TensioMed Arteriograph. DRA reflects the quality 
of the coronary arterial diastolic filling, while SAI and DAI 
are the areas of the systolic and diastolic portions under the 
pulse wave curve of a complete cardiac cycle, respectively. 
Hence, coronary perfusion is better when DAI and DRA 
values are higher. Furthermore, RT is the PWV time from 
the aortic root until the bifurcation and return, and so this 
value gets smaller as the aortic wall gets stiffer.

Statistical Analysis

Statistical analysis was performed using SPSS 13.0. 
Categorical measures were summarized as number and 
percentage; numerical measures were summarized as mean 
and standard deviation (or, wherever necessary, median 
and minimum-maximum). The chi-square test was used 
to compare categorical measurements between the groups. 
The quantitative measurements of independent groups 
were compared by either t-test or Mann–Whitney U test for 
parametric and non-parametric data, respectively. Univariate 
analysis was used to determine the correlations between 
PWV and AI, SBP, heart rate, weight, height, fasting plasma 
glucose, serum urea, creatinine, LDL-C, total cholesterol, 
and Hb. Stepwise multiple regression analysis was used 
to determine whether HbAS, age, weight, mean arterial 
pressure (MAP), heart rate, Hb, and the value of total 
cholesterol were independent predictors of PWV and AI. 
The mutual relationship of PWV and AI with blood pressure 
and heart rate was determined by covariance analysis. In 
correlation analysis, p≤0.01 was considered significant. In 
other analyses, we treated p≤0.05 as significant.

Results

Table 1 shows the clinical, laboratory, and hemodynamic 
characteristics of the study population. Age, weight, and 
height were similar between groups. Aortic pressure, 
sodium, potassium, LDL-C, total cholesterol, mean 
corpuscular volume, mean corpuscular hemoglobin, and 
red cell distribution width were significantly different 
between groups. In terms of arterial stiffness parameters, 
only aortic AI and brachial AI were significantly higher in 
HbAS individuals (p=0.011). Considering the whole study 
population, positive correlations were found between PWV 
and mean arterial pressure, age, weight, aortic AI, brachial 
AI, and LDL-C (Figure 1). Table 2 shows the relationship 
between statistically significant variables in the whole study 
population. Furthermore, aortic AI increased with age and 
decreased with higher heart rate (p≤0.05). 

Positive correlations were found between PWV and AI 
and SBP, MAP, age, and weight in HbAS individuals (Figure 
2). PWV increased with higher values of SBP, MAP, age, 
and weight (p=0.000, p=0.002, p=0.016, and p=0.027, 
respectively). Aortic AI and MAP were also found to have 
a positive correlation (p=0.009). A negative correlation 
was found between aortic AI and serum potassium levels 
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Table 1. Clinical, laboratory and hemodynamic characteristics of HbAS and HbAA participants.

Variable HbAS
(N=20),

mean±SD (min/max)

HbAA
(N=20),

mean±SD (min/max)

p

Age 31.10±5.86 (19/38) 28.65±6.50 (19/38) NS

Weight (kg) 67.1±12 (49/98) 65.15±10.5 (45/82) NS

Height (cm) 164.8±6.8 (155/177) 167.75±7.79 (155/179) NS

SBP (mmHg) 123.8±14.5 (108/160) 117.9±10.3 (80/160) NS

DBP (mmHg) 72.25±9.63 (56/95) 70.05±6.26 (60/80) NS

Heart rate (beats/min) 75.50±9.30 (56/95) 74.9±15.6 (55/114) NS

MAP (mmHg) 89.35±9.86 (76/114) 85.95±6.88 (76/98) NS

PP (mmHg) 51.60±12.8 (37/88) 47.9±8.40 (33/64) NS

AP (mmHg) 95.64±23.2 (62/151) 80.15±7.31 (69/95) 0.033

PWV (m/s) 7.80±1.49 (5.8/10.6) 7.15±0.7 (5.9/8.1) NS

Aortic AI (%) 22.62±15.05 (-3.2/51.8) 10.67±8.4 (-0.2/28.3) 0.011

Brachial AI (%) -29.66±29.73 (-80.6/28) -53.27±16.65 (-74.4/-18.5) 0.011

RT (ms) 143.1±25.9 (99/180) 152.0±16.5 (124/187) NS

SAI (%) 47.64±9.19 (37/74.4) 46.40±5.74 (36.6/57.3) NS

DAI (%) 52.29±9.13 (25.5/62.9) 53.6±5.74 (42.6/63.3) NS

DRA 57.85±16.7 (35.6/89.4) 63.48±16.84 (35.2/115.1) NS

Fasting blood glucose (g/dL) 84.65±13.44 (61/114) 85.7±12.9 (58/100) NS

Blood urea (mg/dL) 12.3±2.99 (8/16.4) 12.05±2.36 (9/17.6) NS

Creatinine (mg/dL) 0.71±0.12 (0.46/0.88) 0.76±0.22 (0.08/1.09) NS

Sodium (mmol/L) 141.15±2.48 (136/148) 142.6±1.19 (141/144) 0.009

Potassium (mmol/L) 5.06±0.8 (4/6.7) 4.52±0.31 (4/5.3) 0.038

LDL-C (mg/dL) 98.0±24.2 (40/130) 80.90±27.45 (45/132) 0.033

Total cholesterol (mg/dL) 167.1±27.99 (88/200) 146.0±32.9 (104/209) 0.035

Hb (g/dL) 13.15±1.187 (11.6/15.9) 13.8±1.49 (11.7/16.5) NS

Hct (%) 37.9±2.95 (34.7/45.7) 39.5±4.27 (33.4/46.4) NS

MCV (fL) 79.0±4.29 (72.2/86.3) 86.06±3.52 (81/92.8) <0.001

MCH (pg) 27.7±1.73 (25/30.7) 30.05±1.43 (27.6/33) <0.001

MCHC (%) 34.75±0.66 (33.7/36) 34.92±0.94 (33.5/36.4) NS

Platelet count (x109/L) 247.0±49.9 (150/336) 224.4±45.98 (145/316) NS

RDW (%) 14.43±1.66 (12.7/18.8) 13.7±1.66 (12.3/18.4) 0.035

LVMI (g/m2) 100.78±19.8 (64/137) 91.21±22.09 (63/136) NS

PABs (mmHg) 24.50±2.76 (20/30) 24.0±2.05 (20/25) NS

EF (%) 65.35±3.89 (59/72) 66.95±4.47 (60/74) NS
 
SBP = systolic blood pressure; DBP = diastolic blood pressure; MAP = mean arterial pressure; PP = pulse pressure; AP = central aortic pressure; PWV = aortic pulse wave 
velocity; AI = augmentation index; RT = return time; SAI = systolic area index; DAI = diastolic area index; DRA = diastolic reflection area; LDL-C = low-density lipoprotein 
cholesterol; Hb = hemoglobin; Hct =hematocrit; MCV = mean corpuscular volume; MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin con-
centration; RDW = red cell distribution width; LVMI = left ventricular mass index; PABs = systolic pulmonary artery pressure; EF = ejection fraction; NS = not significant.
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(p=0.007). In contrast to aortic AI, considering all groups 
there was no correlation between PWV and heart rate. Serum 
potassium level was higher in HbAS carriers. This may have 
been due to more hemolysis while the blood samples of 

carriers were being held in the in vitro hypoxic environment. 
There was no statistically significant association between 
PWV and serum potassium concentration in sickle cell 
carriers. However, in the group of HbAA participants with 

Table 2. The relationships among statistically significant variables in the whole study population.

Groups Variables Correlation value p Significance 
level

HbAS and HbAA (n=40)

PWV-MAP
PWV-Age

PWV-Weight
PWV-Aortic AI

PWV-Brachial AI
PWV-LDL-C
Aortic AI-Age

r2=0.436
r2=0.16

r2=0.129
r2=0.459
r2=0.462
r2=0.112
r2=0.146

0.000
0.017
0.034
0.000
0.000
0.05

0.026

p<0.01
p<0.05
p<0.05
p<0.01
p<0.01
p<0.05
p<0.05

 
Hb = hemoglobin; PWV = aortic pulse wave velocity; MAP = mean arterial pressure; AI = augmentation index; LDL-C = low-density lipoprotein cholesterol.

Table 3. The relationships among statistically significant variables in HbAS and HbAA participants.

Groups Variables Correlation value p Significance 
level

HbAS (n=20)

PWV-Aortic AI
PWV-Brachial AI

PWV-SBP
PWV-Weight

PWV-Age
PWV-MAP

Aortic AI-MAP
Aortic AI-potassium

r2=0.603
r2=0.601
r2=0.286
r2=0.285
r2=0.332
r2=0.496
r2=0.397

   r2=(-0.392)

0.000
0.000
0.027
0.027
0.016
0.002
0.009
0.007

p<0.01
p<0.01
p<0.05
p<0.05
p<0.05
p<0.01
p<0.01
p<0.05

HbAA (n=20) PWV-potassium r2=0.267 0.028 p<0.05
 
Hb = hemoglobin; PWV = aortic pulse wave velocity; AI = augmentation index; SBP = systolic blood pressure; MAP = mean arterial pressure;  
LDL-C=low-density lipoprotein cholesterol.

Figure 1. Correlations between pulse wave velocity (PWV) 
and mean arterial pressure (MAP), age, weight, aortic 
augmentation index (AI-aortic), brachial augmentation 
index (AI-brachial), and low-density lipoprotein cholesterol 
(LDL-C) in the whole study population.

Figure 2. Correlations between pulse wave velocity (PWV) 
and aortic augmentation index (AI-aortic) and brachial 
augmentation index (AI-brachial), systolic blood pressure 
(SBP), mean arterial pressure (MAP), age, weight, and 
potassium in HbAS individuals.
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high potassium levels, PWV was found to be increased 
(p=0.028). Table 3 shows the separate relationships between 
statistically significant variables and HbAS and HbAA by 
multivariate analysis.

After performing multiple stepwise regression 
analysis, we established that PWV and aortic AI were both 
independently positively associated with MAP (p=0.003 
and 0.002, respectively). At the same time, PWV was also 
positively associated with age (p=0.029). The aortic AI 
was independently negatively associated with heart rate 
(p=0.041). Multiple stepwise regression analysis results are 
shown in Tables 4 and 5.

Discussion

Cardiovascular effects of pulse reflection and arterial 
stiffness have been demonstrated. The effect of vascular 
aging on prognosis has been proven in publications about 
many diseases. Major determinants of these detrimental 
results were pulse pressure [11], AI [12], and PWV [13]. 
PWV is an indicator of subclinical organ damage at values 
higher than 12 m/s [8]. Sickle cell anemia is a hereditary 
disorder causing abnormal hemoglobin synthesis. Sickle cell 
patients (HbSS) are often admitted to the hospital because 
of the painful symptoms, and this process is associated 
with shortened life expectancy [2]. However, HbAS is a 
benign disorder with a standard life-span outside of cases 
of vigorous exercise or in military pilots [14,15]. There are 
many comprehensive studies related to the hemodynamic 
changes as a complication of the disease [16,17]. Some of 

these studies were associated with arterial stiffness and wave 
reflection [5,7,18].  

Rees et al. [19] measured blood concentrations of nitric 
oxide in patients with SCD. Nitric oxide causes hypotension 
due to vasodilatation. Concentrations were higher than in 
the healthy control group. They also identified similar values 
during painful-crisis and steady-state SCD, but higher values 
than in hemoglobin E/beta-thalassemic form. HbSS patients 
experienced painful/hemolytic crises more often than 
heterozygous patients (HbAS). Lemogoum et al. [7] examined 
HbSS patients to investigate the connection between lower 
blood pressure and arterial stiffness. They excluded patients 
who experienced painful/hemolytic crises. SBP, DBP, and MAP 
were significantly lower in HbSS patients. Pulse pressure is 
found to be increasing as arterial stiffness worsens. Benetos 
et al. [11] determined the value of pulse pressure to predict 
cardiovascular outcomes. In our study, central aortic pressure 
was higher in the HbAS group (p=0.033). SBP, DBP, MAP, 
and pulse pressures were also higher in the HbAS group, but 
these results were not statistically significant. Aortic PWV 
was similar between HbAA and HbAS participants. Aortic and 
brachial AI values were significantly higher in the HbAS group 
(p=0.011). In the current study, blood pressure values were 
similar between groups, except for central aortic pressure. AI 
values were found to be higher in HbAS carriers. PWV was not 
significantly different between groups in our study, in contrast 
to patients with HbSS according to the findings of Lemogoum 
et al. [7]. In light of these results, the lower blood pressure 
can explain the reduced PWV in homozygous (HbSS) patients 
and the positive association between arterial stiffness and 
blood pressure. However, blood pressure and wave reflection 
changes may be affected by factors other than nitric oxide in 
homozygous and heterozygous forms of disease. 

The influence of age-dependent vascular damage and 
the effect of arterial stiffness are well established [20]. There 
was no significant difference between groups in terms of 
mean age in this study. There was a positive association 
between PWV with age in the entire study population and 
among HbAS carriers (p=0.017 and 0.016, respectively). 
Demirci et al. [21] suggested that worsening arterial stiffness 
was the most related variable to higher MAP values. In 
stepwise multiple regression analysis we obtained a positive 
correlation between PWV and MAP (p=0.003). PWV was 
increased by higher MAP. Cypien et al. [22] examined MAP 
and arterial stiffness in women and, after multiple regression 
analysis, MAP was found to be associated with AI (p<0.001). 
For each 10% increase in AI, the risk of mortality related to 
coronary events was increased by 28% [23]. In our study, 
the most determinative predictors of arterial stiffness were 
aortic AI and brachial AI according to univariate analysis. 
These values were higher in HbAS patients. According to 
stepwise multiple regression analysis, there was a positive 
correlation between aortic AI and MAP (p=0.002). Bahl 
et al. [24] identified higher heart rates in patients with 

Table 5. Predictors of aortic augmentation index.

Variable β SE t p 

MAP 
(mmHg)

0.716 0.272 3.847 0.002

Heart rate 
(beats/min)

-0.423 0.309 - 2.272 0.041

 
Stepwise multiple regression analysis; n=40. 
Model r2=0.397; F=9.203. 
Model p<0.005. 
β: regression coefficient.

Table 4. Predictors of aortic pulse wave velocity.

Variable β SE t p 

MAP 
(mmHg)

0.586 0.023 3.517 0.003

Age 0.404 0.040 2.429 0.029
 
Stepwise multiple regression analysis; n=40. 
Model r2=0.496; F=14.739. 
Model p<0.005. 
β: regression coefficient.
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low hemoglobin levels (below 7 mg/dL). Nevertheless, 
there was no significant heart rate change in patients with 
HbSS, except for extreme cases (painful/hemolytic crisis) 
[25]. Our heterozygous patients had similar hemoglobin 
and hematocrit levels as those in the HbAA group. Mean 
corpuscular volume and mean corpuscular hemoglobin 
were lower in patients with HbAS (p<0.001). As a result, 
heart rate (beats/min) values were not distinct between 
groups. Wilkinson et al. [26] assessed the effects of changes 
in heart rate on wave reflection and arterial stiffness. AI was 
significantly decreased with higher heart rate and was much 
more sensitive to the effect of heart rate in their study. Our 
results were compatible with their findings, as the aortic AI 
was inversely related to heart rate (p=0.041).

Pannier et al. [27] examined the simultaneous PWV 
measurements of the aorta, brachial, and femoral arteries 
in 305 patients and unequivocally proved that only the 
PWV measurements of the aorta had a predictive value. We 
measured PWV only from the aorta.

Noninvasive measurement of arterial stiffness is a 
valuable method. Arteriography results have a considerably 
tight relationship with cardiac catheterization measurements 
[10]. Nevertheless, a study comparing other devices that 
can measure PWV showed that similar PWV values were 
obtained using the SphygmoCor (8.1±1.1 m/s) or the 
Arteriograph (8.6±1.3 m/s). However, for the Complior 
method, values were significantly different (10.1±1.7 m/s) 
because the recorded travel distance for PWV was higher 
than the others [28].

Our study revealed that MAP and heart rate were 
independent determinants for the aortic AI. MAP and age 
were also independent determinants for aortic pulse wave 
velocity. The most important independent predictors of 
arterial stiffness were MAP and age.

Conclusion

Sickle cell disease (HbSS) is associated with shortened life 
expectancy, although the sickle cell trait (HbAS) is a benign 
carrier condition and is not associated with shortened life 
expectancy in ordinary people. HbAS patients have a better 
life quality with fewer complaints than HbSS patients, but still 
at levels lower than among the normal healthy population. 
Unpredictable cardiovascular collapse and death may occur 
in the HbAS population during or after vigorous exercise. 
Therefore, measurement of arterial stiffness might help 
achieve a better understanding of complications associated 
with sickle cell carriers. Arterial stiffness measurement is an 
easy, cheap, and reliable method in the early diagnosis of 
cardiovascular disease in heterozygous sickle cell carriers. 
These results may depend on the amount of S hemoglobin 
in red blood cells. Further studies are required to investigate 
blood pressure changes and their effects on arterial stiffness 
in order to explain the vascular aging mechanism in patients 
with sickle cell disorder.
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