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Abstract 
 
 
It is unclear whether vascular function, in micro- and macrocirculation, is affected similarly in children with 
sickle cell anaemia (SS) and children with sickle haemoglobin C (SC) disease. Therefore, we compared micro 
and macrovascular functions in healthy (AA) children, children with SS and SC disease. Moreover, given that 
physical activity is known to enhance vascular function in the general population, we investigated associations 
between vascular function and physical activity level in each group. Participants (24 SS, 22 SC and 16 AA), 
were compared in terms of 1) thermal hyperaemic response (finger pad warming to 42 °C) measured by Laser 
Doppler techniques, 2) arterial stiffness determined by pulse wave velocity, 3) daily energy expenditure related 
to moderate and intense physical activities estimated by questionnaire and 4) fitness level, evaluated by the six-
minute walk test. Response to heating differed between SS, SC and controls. Peripheral microvascular reactivity 
was lower and pulse wave velocity higher in SS compared to AA. SC had blunted microvascular reactivity in 
response to heating compared to AA but pulse wave velocity was not different within the two groups. Physical 
activity and fitness levels were markedly lower in sickle cell patients compared to healthy controls but no 
association was observed with vascular function. Microvasodilatory reserve is decreased in both SS and SC 
patients but only SS patients were also characterized by impaired macrovascular function.  
 
 
Keywords: Vascular function, Sickle cell anaemia, sickle cell haemoglobin C disease, physical activity  
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Introduction 

Sickle cell disease (SCD) is a hereditary haemoglobinopathy characterised by red blood cell abnormalities (i.e., 

decreased deformability and increased fragility) leading to chronic anaemia and vascular occlusions [1]. The 

term SCD encompasses a group of symptomatic disorders defined by the presence of predominantly 

haemoglobin S, or haemoglobin S along with other variants. The two most common forms are homozygous 

sickle cell disease (SS) and sickle haemoglobin C (SC) disease. SS was previously mainly considered as a 

haemorheological disease [2] but growing evidence suggest also the involvement of vascular dysfunction in the 

pathophysiology of this disease [3–5]. However, most of previous studies on vascular function in sickle cell 

patients concentrated on adults [3,6–8]. Whether vascular function is impaired from childhood on and which 

vascular compartments (i.e. micro- and/or macrocirculation) are primary affected, is still not clear, particularly in 

SC disease.  

Micro- and macrocirculatory functions are designed to operate in a closely integrated manner. Coordination and 

regulated interplay throughout the vascular system are indispensable to maintain instantaneous adjustments [9]. 

However, haemodynamic parameters differ in micro- and macrocirculation [10]. Furthermore micro- and 

macrovascular systems distinguish in vascular structure, function and control mechanisms [10]. Thus, vascular 

function impairments may have different effects according to the circulatory level/vascular compartment 

affected. Arterial stiffness, known as an indicator for macrovascular function, has been analysed in sickle cell 

adults [11,12] but whether arterial hardening also occurs in children and whether it is associated with 

microvascular dysfunction have never been assessed, especially in SC disease. 

Physical activity is known to improve vascular function in healthy population and in different cardio-metabolic 

diseases [13,14]. The mechanisms involved are not yet well understood but regular aerobic exercise is supposed 

to stimulate nitric oxide (NO) production, to decrease oxidative stress and thereby enhances NO-bioavailability 

and arterial reactivity [13]. Although acute intense exercise may increase the risk of vaso-occlusive crises in 

sickle cell patients [15], a moderate submaximal exercise is generally well tolerated and do not extend risks of 

acute complications in these patients [16,17]. Studies performed with transgenic sickle mice further 

demonstrated an improvement of anti-oxidant defence and endothelial function as well as blood rheology by 

regular physical activity [18,19]. Whether regular physical activity in sickle cell patients can enhance vascular 

function remains unknown. 

The primary aim of the present study was to determine and to compare micro- and macrovascular functions 

between children/adolescents with SS, SC disease and healthy children/adolescents. The second objective was to 
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clarify whether the degree of vascular dysfunction in children/adolescents with sickle cell disease could be 

related to the level of regular physical activity/physical fitness.  

 
Materials and methods 

Study population 

Sixty-two children/adolescents from 10 to 16 years old took part in the study, which was conducted in 

accordance to the Declaration of Helsinki and was approved by the Regional Ethics Committee (CPP Sud-Ouest 

Outre-Mer III, Bordeaux, France, registration number: 2009-A00211-56/2013, SAPOTILLE/HYPOSNAD 

project). This study included 24 SS patients (10 girls, 14 boys), 22 SC patients (13 girls, 9 boys) and 16 healthy 

control children with normal haemoglobin (AA; 8 girls, 8 boys), matched for ethnic origin (African 

Guadeloupians). 

Children/adolescents with SCD were recruited from the Sickle Cell Unit of the Academic Hospital of Pointe-à-

Pitre (Guadeloupe) where they are regularly followed since birth. They were at steady state at the time of the 

study (i.e., no blood transfusion within the last three months, absence of acute episodes of infection, vaso-

occlusive crisis or acute chest syndrome at least one month before inclusion in the study). Four patients were 

under hydroxyurea treatment for more than six months (dose ~20 mg/kg per day). 

 
Design of the study 

When all annual examinations were done and blood samples were taken, each child answered an appropriate 

questionnaire concerning their daily physical activity. Then, all children were equipped and remained on a 

comfortable bed in lying position in a quiet room (room temperature fixed at ~24°C, skin temperature ~33°C). 

After a 10-min baseline recording, local thermal hyperaemia was conducted for 40 min. Afterwards pulse-wave 

velocity (PWV) was measured. Children with SCD also performed a 6-minute walk test (6MWT) under medical 

surveillance.  

 
Haematological and blood viscosity measurements 

Venous blood was sampled in sitting position from the antecubital vein in children with haemoglobin SS and SC. 

Haematological and haemorheological parameters were measured within 1-2 hours after sampling and after full 

reoxygenation of blood for 10-15 min as recommended [20]. Haemolytic indicators like serum lactate 

dehydrogenase concentration, bilirubin levels, reticulocyte counts (expressed as a percentage) and aspartate 

aminotransferase content were determined by standard biochemical methods. The haemolytic component value 

was derived from haemolytic markers (bilirubin, lactate dehydrogenase, aspartate aminotransferase and 

reticulocytes) by principal component analysis [21]. Foetal haemoglobin level was quantified using cation-
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exchange high performance liquid chromatography (VARIANTTM, Bio-Rad Laboratories, Hercules, CA, USA) 

and haematological data were obtained using an automated cell counter (Beckman Coulter MAXM AL, FL, 

USA). Blood viscosity was measured at native haematocrit and at room temperature (25°C) using a cone-plate 

viscometer (Brookfield DVII+ with CPE40 spindle, Brookfield Engineering Labs. Natick, MA, USA) at 225 s−1. 

Measurements were performed according to the recent international guidelines for haemorheological laboratory 

techniques [20].  

 
Assessment of microvascular function by heat-mediated vasodilation 

In all children, peripheral microcirculatory cutaneous blood flow and microvascular response to local heating 

were evaluated using a Laser Doppler flowmeter (Periflux System 5000, Perimed, Järfälla, Sweden) and its 

associated software Perisoft (Perimed), which enables continuous skin blood flow recording (mV). A combined 

laser Doppler and thermostatic metallic probe (PR457) was attached to the distal pad of the middle finger of the 

left hand. After a 10-min baseline recording, skin temperature was raised to 42°C (within 5 s) and the 

microvascular response to local heating was measured for 40 min. Local cutaneous heating results in a biphasic 

increase in blood flow: a rapid increase (initial peak) related to axon reflex followed by a nadir and a prolonged 

plateau mainly NO-dependent [22,23]. Taking into account any individual fluctuations of skin blood flow (due to 

blood pressure changes), laser Doppler blood flow (perfusion unit, recorded in mV) was divided by the 

individual mean arterial pressure (MAP). In this way, baseline blood flow, initial peak and the plateau were 

expressed as cutaneous vascular conductance (CVC, mV/mmHg) [24]. Reactive hyperaemia was calculated as 

percentage change in flow during thermal stress (peak and plateau) compared with baseline as previously 

recommended [22,23]. Increase of skin blood flow up to peak and up to plateau served as indicators for 

microvascular function [22,23].  

 

Non-Invasive assessment of arterial stiffness by pulse wave velocity   

Arterial stiffness, assessed by PWV, can be considered as an indicator of macrovascular function [25]. In this 

study, we measured PWV (m/s) from the carotid to radial (CR-PWV) arteries with a non-invasive automated 

device (SphygmoCor System, Actor, Sydney, Australia) using an arterial tonometer for recording pressure 

waveforms and a 3-lead electrocardiogram. PWV is defined as the distance between the measuring sites divided 

by the transit time (in seconds) of the related pulse waves. Transit time is defined as the difference between the 

delay of the distal pulse wave to the R wave of the ECG and the delay of the proximal pulse wave to R wave of 

the ECG. The pulse wave delay can be determined by calculating the time elapsed from the peak of the R wave 

and the foot of the pressure pulse wave. 
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The device used here is highly reproducible (inter- and intra-operator) in both healthy and diseased populations 

[26]. Measurements were obtained by the same experienced operator during the whole study and repeated two 

times for each site of measurement, but only the mean value was retained. Additional we recorded heart rate 

(bpm), resting diastolic blood pressure (DBP, mmHg), resting systolic blood pressure (SBP, mmHg), pulse 

pressure (Pulse pressure = SBP-DBP (in mmHg) and mean arterial pressure (MAP = (2* DBP+SBP) /3).  

 

Physical activity questionnaire for children/adolescents 

Each child answered the International Physical Activity Questionnaire adapted for adolescents [27]. The 

questionnaire involved physical activities related to the mode of transportation to and from school (walking, 

bicycling or motor vehicle), physical activities inside and outside school settings, as well as leisure-time 

activities to estimate the level of physical activity energy expenditure (PAEE). Therefore each activity has been 

associated with a number of metabolic equivalent, which was then multiplied by the corresponding activity 

duration (min). PAEE represents the sum of all moderate to intense physical activities. Afterwards, PAEE has 

been adjusted to weight and resting metabolic rate according to Buchowski et al [28]. Finally, PAEE was 

expressed as kcal/day. 

 
Six-minute walk test (6MWT) 

Physical fitness was measured in all children with SCD by the 6MWT, which was performed according to the 

guidelines set by the American Thoracic Society [29]. The 6MWT is not correlated with maximal exercise 

capacity in children with SCD and young adults but reflects the functional exercise level for daily physical 

activities since most activities of daily living are performed at submaximal levels of exertion [30]. During 6 

minutes, the participant has to walk as fast as possible, without running. Then the distance walked was noted and 

the percentage of predicted distance was calculated by Geigers’ standardized formula [31] according to age, sex 

and height, as previously done [32]. The 6MWT was considered as normal if the performance was more than 

80% of the age-standardised predicted value and abnormal otherwise [33].  

 

Statistics 

The results are presented as mean ± standard deviation or median (25th and 75th percentiles). After testing the 

normality and homogeneity of variance, we compared anthropometric, physiological, microvascular, 

macrovascular and physical activity parameters between the three groups using a one-way analysis of variance 

(ANOVA) followed by a Newman-Keuls post-hoc test. Kruskall Wallis Anova was applied for non-parametric 

parameters (body mass index, MAP, PAEE, percentage blood flow increase up to peak and up to plateau). 
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Haemorheological and biological parameters were measured in SS and SC patients only and compared between 

the two patient groups using unpaired Student t test or Mann-Whitney comparison test. Parametric or non-

parametric correlation tests (Pearson or Spearman, respectively) were performed in each group (AA, SC and SS) 

in order to test the associations between micro- and macrovascular function and to identify whether physical 

activity and vascular function parameters were associated. The significance level was defined as P <0.05. 

Analyses were conducted using SPSS (v. 20, IBM SPSS Statistics, Chicago, IL) and Statistica  (Statistica, v5.5, 

Statsoft, Tulsa, OK, USA).  

 

Results 

Population characteristics  

A total of 62 children with similar anthropometric characteristics were enrolled in the study (Table 1). SBP, DBP 

and MAP did not differ significantly between patients and controls whereas pulse pressure was significantly 

higher in SS patients compared to SC patients (P = 0.013) but not different to controls (Table 1). As expected, 

haemoglobin, haematocrit levels and blood viscosity were significantly lower in SS than in SC patients (P < 

0.001, Table 1). Haemolytic parameters (lactate dehydrogenase, bilirubin, reticulocytes, aspartate 

aminotransferase, haemolytic index) and foetal haemoglobin were significantly higher in SS compared to SC 

patients  (P < 0.001, Table 1). In both groups, no correlation was observed between vascular function, physical 

activity parameters and haemolytic parameters (data not shown). 

 

Microvascular function 

All data are reported in Table 2 and Fig 1. Baseline blood flow was significantly higher in SS than in SC (P < 

0.05) and healthy (P < 0.01) children. No association was found between baseline blood flow and haematocrit 

level in SS and SC group. In response to local heating, peak and plateau blood flow were not different between 

the three groups. However, when expressed as a percentage (Fig 1), the increase of skin blood flow up to peak 

and plateau were higher in controls than in SS patients (P = 0.004 and P = 0.001, respectively). SC patients 

showed a blunted “peak” response compared to controls (P = 0.03) whereas flow increase up to plateau 

(expressed as a percentage) was not statistically different from controls (P = 0.08). No association was found in 

SS or SC patients between haematocrit or haemoglobin and vascular reactivity. 

 

Macrovascular function 



 8 

SS patients had statistically higher CR-PWV compared to controls (P = 0.03, Fig 2) and no correlation was 

found between CR-PWV and blood viscosity or haematocrit level (data not shown). CR-PWV of SC patients 

was not different from AA or SS values. Macrovascular function (CR-PWV) was related to microvascular 

function (blood flow increase up to plateau) in children with SS  (r = -0.57, P = 0.04) but not in children with SC 

(P = 0.72) and controls (P = 0.81).  

 

Physical activity level and physical fitness 

Daily energy expenditure related to moderate and intense physical activities (PAEE) was significantly lower in 

both sickle cell groups compared to controls (P = 0.02, Fig 3A). 78% of patients (SS: 79%, SC: 77%) performed 

an abnormal 6MWT compared to the age-standardised predicted distance (Fig 3B). However, there was no 

statistically significant difference in total walk distance between the two sickle groups. Statistical analysis 

revealed that neither micro- nor macrovascular function was correlated to PAEE or walked distance in each 

group (data not shown).  

 

Discussion 

The major findings are that SS patients present abnormal microvascular reactivity compared to AA. Both micro- 

and macrovascular function appeared to be affected in children with homozygous sickle cell disease. Only 

neurological related microvascular response to heating (percentage of flow increase from baseline to peak) was 

decreased in SC compared to AA. Furthermore, physical activity and fitness levels were markedly affected in 

children with SCD but no association was observed with vascular parameters. 

 

Vascular function 

According to previous findings, baseline blood flow was increased in SS. Severe anaemia and increased cardiac 

output participate to the rise in blood flow [6]. As a consequence, vascular wall shear stress is supposed to raise 

[6], promoting nitric oxide production to stimulate vasodilation in order to compensate for elevated shear rate, so 

as to finally normalize wall shear stress [6]. In this study, no correlation could be observed between haematocrit 

level and vascular reactivity or baseline blood flow. Our findings are in agreement with previous studies [36]. 

Anaemia leads to important cardiovascular adaptions in order to compensate for the decrease in haematocrit, but 

vascular impairments in SCD may result from multiple sources [37]. As previously demonstrated, vascular 

function appears to be impaired in SS [38]. Decreased NO bioavailability, as a consequence of intravascular 

haemolysis and oxygen free radical production [38,39], are suspected to impair vascular function in SS patients 
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[6,7,40]. This study illustrated that NO-dependent vasodilation (Plateau phase) as well as neurological control 

mechanisms (axon reflex) of peripheral microcirculation were altered in young SS patients. Vascular control is 

relevant for compensation of flow resistance. In this context, it is suspected that any increase in blood viscosity 

in SS patients with vascular dysfunction would lead to a rise in vascular resistance, which may probably slow 

blood flow and therefore could promote sickling and, thus, painful vaso-occlusive crises [41].  

Chronic vasculopathy has been reported to affect also large blood vessels in SS and is supposed to rise risks for 

several complications such as stroke [5] and pulmonary hypertension [42]. Unlike previous work in sickle cell 

adults [11], our findings suggest an increase of peripheral arterial stiffness in SS compared to AA group. 

Although peripheral arterial stiffness cannot be considered as a principal indicator of arterial hardening 

compared to central arterial stiffness, our results indicate that SC and SS patients do not respond in a similar 

manner. Blood viscosity was significantly higher in SC than in SS. The impact of abnormal blood rheology on 

PWV has been poorly investigated and is debated [43–47]. Most of the patients with cardiovascular diseases, 

such as obesity, sleep apnea or atherosclerosis are characterized by both increased PWV and impaired blood 

rheology [48–50] but whether increased PWV is due to increased blood viscosity is unknown. In this study, 

correlations analyses do not suggest any association between haematocrit or blood viscosity and PWV but 

further works are needed to address this question in sickle cell disease, as well as in cardiovascular diseases in 

general. Despite the difference in PWV found between SS and AA, blood pressure parameters were similar in all 

the three groups. Decreased functionality in peripheral microcirculation and increased stiffness in larger 

peripheral arteries were significantly correlated in children with SS, suggesting that the same mechanisms could 

be involved and responsible for these dysfunctions.   

 

SS and SC differ in several haemorheological, haemodynamic and clinical outcomes [51,52]. SC was previously 

considered as a less severe sickle cell syndrome than SS but nowadays several authors [34,53] suggest that these 

two genotypes should be rather seen as two distinct diseases. SS patients are usually exposed more frequently to 

vaso-occlusive crises and haemolysis, favouring possibly the development of chronic micro- and macrovascular 

dysfunctions, as suggested in the present study. In contrast, SC patients are usual more likely to develop 

retinopathy, osteonecrosis and thromboembolism which has been associated to the higher blood viscosity 

compared to SS [34,35]. Baseline blood flow and micro- and macrovascular function in children with SC tend to 

be normal, regarding statistical analysis, except for the initial response to heating which suggest, like in children 

with SS, blunted axonal reflex vasodilatory response [23]. Further studies are needed to address the exact 

mechanisms. Although SC patients are marked by blood hyperviscosity, it appears that NO-dependent vascular 
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function and vessels elasticity are preserved which may enable normalization of vascular resistance and may 

reduce the risk of painful vaso-occlusive crises [54]. Children with sickle cell haemoglobin C disease had also a 

low pulse pressure, which is probably the consequence of well-functioned central and peripheral arterial 

elasticity [55]. This may lower the risks for cardiovascular co-morbidities [56]. Nevertheless the representation 

of blood flow increase up to plateau revealed large intragroup difference. Some SC patients responded like 

controls whereas the majority reached values comparable to SS patients. Higher sample size would be necessary 

to clarify the reasons for this heterogeneity. Regarding the clinical charts, none of the participants of this study 

had signs of glomerulopathy or retinopathy. A next step would be to follow these children in a prospective way 

in order to test whether children with marked vascular dysfunction are more likely to develop vasculopathy than 

those with retained vascular reactivity. 

 

Physical activity level and fitness  

The time spent for moderate and intense physical activity was decreased in both SS and SC compared to healthy 

controls. In addition, the two groups exhibited a low performance at the 6MWT.  

It has been reported that SS patients are characterised by greater resting energy expenditure than their healthy 

counterparts due to higher protein turnover and higher cardiac output [57,58]. In order to maintain total energy 

expenditure to normal level, physical activity energy expenditure is decreased [60] resulting in low physical 

fitness level. Mechanisms responsible for this exercise limitation are partly known in SS patients. We may 

mention chronic anaemia [59], haemorheological alterations [60], pulmonary dysfunction [61], increased arterial 

hypoxemia [62], chronic haemolysis and vascular function impairments [61]. Exercise responses in SC patients 

are not yet well studied. Although vascular function seems to be better preserved in children with SC, both sickle 

cell groups had a decreased exercise capacity compared to healthy children. In SC, mild anaemia and blood 

hyperviscosity could be responsible for decreased physical fitness, due to their known adverse effects on tissue 

oxygenation [64]. 

 

Vascular function, physical activity level and fitness 

This study is the first to explore the associations between vascular function and physical activity level in children 

with sickle cell disease. Regular physical activity is known to improve NO production and bioavailability and to 

decrease oxidative stress [13,14]. Several studies in various chronic diseases demonstrated improved vascular 

function by regular physical activity [13,63]. However we could not observe any correlation between regular 

physical activity/fitness and vascular parameters, neither in SS, nor in SC patients. In our paediatric cohort, 
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physical activity level was probably to low [14] to induce large biological and physiological adaptations, which 

could enhance physical fitness and vascular function. The use of accelerometer in future studies could be useful 

to quantify physical activity level. Recent studies with transgenic sickle mice demonstrated that regular physical 

activity was able to decrease oxidative stress and improve endothelial function [19,64]. A large prospective and 

longitudinal study in children with SCD would be needed to clarify the effects of a moderate training 

rehabilitation program on the clinical outcome and the potential physiological benefits.  

 

Conclusion 

In conclusion, peripheral micro- and macrovascular functions were reduced and associated to each other in SS 

children/adolescents. Micro- and macrovascular functions in SC appear to be better preserved than in SS. No 

association was found between physical activity- and vascular function parameters. Further research is necessary 

to differentiate mechanisms involved in SS and SC pathophysiology and to clarify the potential benefits of 

physical activity on vascular function in patients with SCD.  
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Table 1. Population characteristics of children with SCD and children with haemoglobin A  

  AA (n = 16)  SC (n = 22)  SS (n = 24) 

Boys/ Girls  8/8  9/13  14/10 

Age (yrs.)  14.3 ± 3.0  15.1 ± 2.6  15 ± 2.4 

Weight (kg)  50 ± 16  50 ± 13  49 ± 14 

Height (cm)  162.0 ± 0.1  160.0 ± 0.1  162.0 ± 0.1 

Body mass index (kg/m2)  19.8 (15.8; 21.2)  18.8 (17.6; 20.8)  17.8 (16.0; 20.0) 

SBP (mmHg)  114 ± 9  112 ± 14  115 ± 8 

DBP (mmHg)  57 ± 6  61 ± 9  56 ± 8 

MAP (mmHg)  74.2 (70.6; 81.3)  75.0 (69.5; 82.9)  74.7 (71.8; 79.5) 

PP (mmHg)  57 ± 9  51 ± 10   59 ± 12 # 

Heart rate (beats/min)  77 ± 12  76 ± 10  84 ± 12 # 

Haemoglobin (g/dl)  -  11.5 ± 0.8  8.4 ± 1.2  ### 

Haematocrit (%)  -  33.0 ± 3.2  25.4 ± 3.8 ### 

Blood viscosity (mPa.s)  -  6.0 ± 1.0  4.8 ± 0.8 ### 

Lactate dehydrogenase (IU/L)  -  293 ± 85  546 ± 172 ### 

Foetal haemoglobin (%)  -  2.3 (1.4; 3.6)  6.8 (3.6; 10.3) ### 
 

Bilirubin  -  20.5 (14.0; 32.0)  44.0 (31.5; 78.5) ### 

Reticulocytes (%)  -  2.9 ± 1.1  9.9 ±4.3 ### 

Haemolytic index (a.u.)  -   -0.72 ± 0.35  0.69 ± 0.93 ### 

Aspartate Aminotransferase 

(IU/L) 

 -  23.8 ± 8.6  35.4 ± 13.7## 

 
Values are given as mean ± standard deviation and median (25th and 75th percentiles).  
AA, healthy controls; SS, children with homozygous sickle cell disease; SC, children with sickle cell 
haemoglobin-C disease; SBP, systolic blood pressure; DBP, diastolic blood pressure, MAP, mean arterial blood 
pressure; PP, pulse pressure. * P < 0.05 vs. AA; # P < 0.05 vs. SC; # # P < 0.01 vs. SC; # # # P < 0.001 vs. SC. 

Blood sampling was not possible in controls because of ethical restriction. Reference values for haematological 
parameters and blood viscosity in controls can be found in Renoux et al 2016 [67]. 
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Table 2. Skin blood flow variations in response to local heating in children with sickle cell disease and 

control subjects 

 AA SC SS 

Baseline flow (mV/mmHg) 2,00 ± 1.50 2.22 ± 1.22 3.46 ± 1.62 ** # 

Peak flow (mV/ mmHg)  4.82 ± 1.25 4.32 ± 1.65 4.68 ± 1.23 

Plateau flow (mV/ mmHg)  4.43 ± 1.42 3.65 ± 1.58 3.72 ± 1.72 

 
Values are given as mean ± standard deviation.  
AA, healthy controls; SS, children with homozygous sickle cell disease; SC, children with sickle cell 
haemoglobin- C disease.  
Baseline, Peak and Plateau blood flow are expressed as cutaneous vascular conductance.  
* P < 0.05 vs. AA; ** P < 0.01 vs. AA; *** P < 0.001 vs. AA; # P < 0.05 vs SC, using a one-way analysis of 
variance followed by a Newman-Keuls post-hoc test. 
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Figure legends  

 

Figure 1: Tracing of the mean skin blood flow (expressed as CVC in mV/mmHg) in response to local heating to 

42°C in children with sickle cell SC, SS and control children. Above, percentage increase in skin blood flow 

from baseline up to peak and plateau in SS, SC patients and controls. Groups were compared using Kruskall 

Wallis Anova. * P < 0.05 vs. AA; ** P < 0.01 vs. AA; *** P < 0.001 vs. AA  

 

Figure 2: Carotid to radial pulse wave velocity (PWV) measured by applanation tonometry in children with 

sickle haemoglobin C and haemoglobin S disease and control subjects (AA). Means were compared between the 

three groups using one-way analysis of variance followed by a Newman-Keuls post-hoc test. * P < 0.05 vs. AA.  

 

Figure 3: (A) Comparison of physical activity energy expenditure (PAEE) between children with sickle cell SC 

and SS disease and in control (AA) subjects using one-way analysis of variance followed by a Newman-Keuls 

post-hoc test. ** P < 0.01 vs. AA. (B) Percentage of the predicted six minute walk distance in children with 

sickle haemoglobin C disease and children with sickle cell anaemia. The two groups were not different. Obtained 

using unpaired Student t test.  


