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Background: Many specific and non-specific electrocardiographic abnormalities including 
ventricular arrhythmias have been reported in subjects with sickle cell anemia (SCA). In 
SCA patients, cardiac electrical abnormalities may be the leading cause of increased risk of 
arrhythmias. The corrected QT (QTc) interval, peak to the end of the T wave (Tp-e) interval 
and associated Tp-e/QTc ratio are promising measures of altered ventricular repolarization 
and increased arrhythmogenesis risk.
Aim: This study assessed ventricular repolarization abnormalities in subjects with SCA 
using the QTc interval, Tp-e interval and Tp-e/QTc ratio, and also evaluated the gender 
differences in these parameters, as well as their determinants.
Methods: Sixty subjects with SCA and 60 healthy control subjects, matched for age and 
gender, were studied. All participants underwent physical examination, hematological and 
biochemical evaluation, and 12-lead electrocardiography (ECG) recording. QT and Tp-e 
intervals were measured from the ECG, and the QTc interval was calculated using Bazett’s 
formula. Tp-e/QT and Tp-e/QTc ratios were also derived.
Results: QT and QTc intervals were prolonged in subjects with SCA. Tp-e interval, Tp-e/QT 
ratio and Tp-e/QTc ratio were prolonged in male SCA subjects, with a paradoxical short-
ening in female SCA subjects. Plasminogen activator inhibitor-1 (PAI-1) was an independent 
determinant of QTc, while body mass index (BMI) was an independent determinant of both 
Tp-e interval and Tp-e/QTc ratio.
Conclusion: Our results suggest an elevated risk for ventricular arrhythmogenesis in male 
SCA subjects. Furthermore, increased BMI and PAI-1 level are possible markers of ven-
tricular repolarization abnormalities in SCA subjects.
Keywords: arrhythmias, electrocardiography, sickle cell anemia, ventricular repolarization, 
QTc interval, Tp-e interval

Introduction
Sickle cell disease (SCD) is an autosomal recessive disorder resulting from point muta-
tions in the gene that encodes the β-globin chains of hemoglobin (Hb), leading to sickling/ 
polymerization of erythrocytes after deoxygenation. This results in rigid, adherent ery-
throcytes, which are trapped in the microcirculation. Vaso-occlusion and hemolysis are 
the clinical hallmarks of the disease, leading to cardiac and non-cardiac manifestations.1 

Vaso-occlusive phenomena lead to intermittent ischemic events called crises. Crises may 
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cause severe organ damage affecting all body organs including 
the brain, skeleton, pulmonary vasculature, spleen, liver and 
heart, resulting in an increased morbidity burden and increased 
mortality.2 Cardiac manifestations of sickle cell anemia (SCA) 
patients are variable depending on the pattern of evaluation, 
ethnicity and geographical distribution.3 Although there has 
been an improvement in the lifespan of patients with SCD over 
the past several decades, there is still a very high mortality rate 
from cardiovascular and pulmonary complications.4 Diastolic 
dysfunction, structural heart diseases, pulmonary hypertension 
and coronary artery/ischemic heart diseases are complications 
in subjects with SCA; however, malignant ventricular arrhyth-
mias and death independent of the presence of structural heart 
diseases have been seen in sickle cell patients. Iron overload 
with evidence of cardiac iron deposition on magnetic reso-
nance imaging has also been implicated as a cause of arrhyth-
mia and death in patients with SCA.5 Electrocardiographic 
(ECG) abnormalities, such as significant prolongation of 
QRS duration, PR and QTc intervals, P wave, QRS and QTc 
dispersions, as well as inverted T-waves in the right-side chest 
leads, have been reported among Nigerians with SCA.6

Myocardial repolarization can be assessed with many ECG 
parameters, including QT interval (QT), corrected QT interval 
(QTc), QT dispersion and transmural dispersion of repolariza-
tion (TDR). Peak-to-end of the T wave (Tp-e), the interval 
from the peak to the end of the T wave on ECG, is a measure of 
transmural dispersion of ventricular repolarization.7 Tp-e/QT 
and Tp-e/QTc ratios can also be used as an ECG index of 
ventricular arrhythmogenesis.8

The QT interval on ECG is the time from the start of the 
QRS complex to the end of the T wave. Both a reduction 
and a prolongation in QT interval have been considered to 
be precursors of dangerous ventricular tachyarrhythmia. 
This has been seen in people with congenital short or long 
QT syndromes, characterized by extreme QT intervals at 
each end of the spectrum with a high risk of sudden cardiac 
death.9 In normal populations, many studies have associated 
changes in the heart rate-corrected QT (QTc) interval with 
an elevated risk of sudden cardiovascular death.10

Although QT and QTc intervals have been demon-
strated to be important ECG predictors of ventricular 
arrhythmogenesis in SCA and other populations, their 
prognostic importance has been challenged in some 
studies11 and they have been termed as poor indicators of 
ventricular arrhythmogenesis.12 Therefore, there is a need 
to evaluate other parameters, such as Tp-e interval and Tp- 
e/QT and Tp-e/QTc ratios, which are known to be 

relatively constant parameters compared to QT and QTc 
intervals, which are subject to dynamic changes.

Increases in the serum level of plasminogen-activator inhi-
bitor type 1 (PAI-1) and some other inflammatory markers 
supporting the existence of ongoing procoagulation and hypo-
fibrinolysis had previously been documented to occur in 
steady-state SCA, which then increase further in sickle cell 
crises;13 however, their relationship with ventricular repolar-
ization is not well documented. Other determinants of ventri-
cular repolarization also need to be further evaluated.

There is a paucity of studies investigating the Tp-e 
interval and Tpe-e/QTc ratio in SCA. Gender 
differences in ventricular repolarization and arrhythmias in 
SCA populations have also not been fully studied. Owing to 
gender-specific associations of many electrical abnormal-
ities, such as QT and QTc, it is important to identify gender 
differences among these parameters in SCA patients. Our 
aim in this study is therefore to evaluate ventricular repolar-
ization in SCA subjects using the QTc interval, Tp-e interval 
and Tp-e/QTc ratio in comparison with normal individuals; 
and also to investigate whether there are gender differences 
in these parameters among the study population.

Methods
Patients
This study was conducted in the sickle cell outpatients clinics 
of the University of Ilorin Teaching Hospital (UITH), Ilorin, 
Kwara State, and Ladoke Akintola University of Technology 
(LAUTECH) Teaching Hospital, Ogbomoso, Oyo State, 
Nigeria. Sixty (M/F = 35/25) consecutive young adults with 
SCA and 60 healthy controls (M/F = 36/24), between the ages 
of 18 and 35 years, were recruited. All patients recruited into 
this study were in a steady-state condition, defined as the 
absence of vaso-occlusive crises, stroke, priapism and acute 
chest syndrome (ACS), and the absence of acute illness for 
a minimum of 8 weeks prior to recruitment. Pregnant patients 
and those with heart disease, recent blood transfusion (within 
12 weeks), severe anemia (hematocrit <18%), use of tobacco, 
and excessive intake of alcohol (>16 g daily) were excluded 
from the SCA group. The inclusion criteria for controls were 
individuals who had aHb genotype of AA on hemoglobin 
electrophoresis (HbAA). The controls were healthy subjects 
selected from the student population, as well as the local and 
hospital community. All participants consented to the proce-
dure and purpose of the study. Ethical approval was given by 
the ethical review committees of both UITH and LAUTECH 
Teaching Hospital.
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Clinical Data
A meter tape was used to measure the waist circumfer-
ence (WC), neck circumference (NC), hip circumference 
(HC) and height, while weight was measured using 
a weighing scale and body mass index was calculated 
(BMI = weight/height2, kg/m2). The systolic and diasto-
lic blood pressure (BP) were measured using a mercury 
column sphygmomanometer according to standardized 
protocols. Pulse pressure was taken as the difference 
between systolic BP and diastolic BP. The mean arterial 
pressure (MAP) was calculated as the diastolic BP + ⅓ 
pulse pressure. Heart rate (HR) was also recorded for 
each patient.

Biological Data
Blood samples were taken after a 12-hour overnight fast, 
between 8:00 a.m. and 10:00 a.m., and hematological para-
meters such as hemoglobin and hematocrit concentrations, 
white blood cell (WBC), red blood cell (RBC) and platelet 
counts were determined using an automated hematological 
analyzer (Mindray BC-5300; In-Vitro Diagnostics, UK). 
Aliquots of the blood samples were centrifuged at 3000 rpm 
for 15 minutes and plasma was stored in the refrigerator until 
assayed. Fasting plasma levels of triglyceride (TG), total cho-
lesterol (TC) and high-density lipoprotein cholesterol (HDL- 
C) were obtained by a standard enzymatic–colorimetric 
method with assay kits supplied by Randox Laboratory (Co 
Antrim, UK). Low-density lipoprotein cholesterol (LDL-C) 
was calculated using Friedewald’s formula.14 Plasma tempera-
ture was maintained at 37°C in a thermostatic incubator before 
plasma viscosity was estimated by adapted capillary viscome-
try. Plasma viscosity was calculated as the ratio of the flow time 
for a given volume of plasma to the flow time for the same 
volume of distilled water,15 while blood viscosity was calcu-
lated by the modified Vand formula.16 Uric acid was deter-
mined using the uricase–peroxidase method. Both CRP and 
PAI-1 were derived using enzyme-linked immunosorbent 
assay (ELISA) kits.

Electrocardiography (ECG)
The 12-lead ECG recordings were obtained using the 
Biocare® IE-12A model digital electrocardiography 
machine at a voltage of 10 mm/mV and paper speed of 
25 mm/sec. QT and Tp-e intervals were measured manu-
ally. The Tp-e/QT ratio and Tp-e/QTc ratio were derived 
from these measurements. The QT interval was recorded 
as the time from the start of the QRS to the point at which 

the T wave returns to baseline. The corrected QT (QTc) 
interval was derived using Bazett’s formula. The Tp-e 
interval was measured from the peak of the T wave to 
the end of the T wave. The end of the T wave is the 
intersection of the tangent to the down slope of the 
T wave and isoelectric line using the long rhythm strips 
of leads V2 and V5 (Figure 1). In the presence of a U 
wave, the end of the T wave was defined as the nadir 
between the T wave and U wave. Two independent inves-
tigators performed all the measurements. The mean of the 
measurements was calculated and analyzed.

Data Analyses
The results were expressed as means ± standard deviation 
(SD). To compare biological parameters between the 
groups, the unpaired Student’s t-test was used for contin-
uous variables. To identify risk factors associated with 
ECG parameters in SCA patients, we used a multivariate 
linear regression analysis. The level of significance was set 
as p˂0.05. All statistical analyses were conducted using 
SPSS (version 18; IBM SPSS Statistics, Chicago, IL).

Results
Our study population comprised 60 patients with SCA and 60 
healthy control subjects. We first compared the data of the 
whole SCA population mean value to the normal population 
(Tables 1 and 2) and thereafter separated the study population 
into male and female and compared them to their respective 
gender controls (Tables 3 and 4). The case and control groups 
were matched for age and gender (Tables 1 and 3). The SCA 
groups had significantly reduced weight, NC, WC, HC and 
BMI compared with normal controls and also when both SCA 
gender groups were compared separately with their respective 
controls. The SCA population appears to be shorter than nor-
mal individuals but there was no statistical difference in the 
height of both male and female SCA groups compared to their 
respective controls (Tables 1 and 3).

For hematological variables, RBC, hemoglobin and 
hematocrit levels were lower, while the WBC count was 
significantly higher in all SCA groups compared with their 
respective controls. There was an increase in the platelet 
count of the whole SCA population and male SCA; how-
ever, the platelet count of the female SCA, although higher 
than the controls, was not significantly so. Fasting plasma 
glucose was also comparable in the SCA general popula-
tion and the gender subgroups (Tables 1 and 3).

In all SCA groups, TC, LDL-C and TC/HDL-C were 
all significantly lower compared to the control, while the 
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TG/HDL-C was comparable. TG was increased in the 
SCA population but was not statistically different in both 
male and female groups compared with their respective 
controls. HDL-C was higher in the SCA groups but this 
difference was not statistically significant.

CRP and PAI-1 were also elevated in all SCA groups 
compared to controls (Tables 1 and 3).

Regarding BP and ECG parameters, all SCA groups 
had significantly lower diastolic BP and MAP, while the 
pulse pressure was significantly higher in all the SCA 
groups. The systolic BP was lower in the SCA groups, 
though not significantly so, while the mean HR was higher 
in the SCA groups compared to the controls.

QT and QTc intervals were significantly higher in both 
the male and female SCA population compared to their 
respective control groups; however, while the Tp-e inter-
val, Tp-e/QT and Tp-e/QTc ratios were prolonged in the 
male SCA groups, there was a paradoxical shortening in 
the female SCA population (Tables 2 and 4).

Multivariate Linear Regression Analysis
Multiple linear regression analysis established that PAI- 
1 was an independent determinant of QTc (Table 5) and 
BMI was an independent determinant of both Tp-e 
interval (Table 6) and Tp-e/QTc ratio (Table 7) in both 
genders. However, the predictive power of these vari-
ables appears to be stronger in males than in 
females with SCA.

Discussion
We evaluated some ECG parameters that were previously 
linked with sudden death in SCA patients and also 

examined gender differences in these ECG parameters. 
Our results showed that the mean QT and QTc intervals 
were higher in the SCA group compared to the control 
group. Also, when analyzed separately for gender compar-
ison, the SCA gender subgroups had significantly higher 
values than their corresponding control groups. These 
findings are similar to the conclusion of previous studies 
that evaluated QT parameters in SCA patients.17,18 

Figure 1 Measurement of the interval between the peak and the end of the T wave 
(Tp-e).

Table 1 Biological and Laboratory Parameters of the Study 
Population

Parameters HbAA (60) HbSS (60) p-Value

Age (years) 25.9±5.5 25.2±6.7 1.000

Gender (M/F) 36/24 35/25

Weight (kg) 64.1±10.1 53.3±8.9 <0.001

Height (m) 1.69±0.1 1.65±0.1 0.006

Neck circumference (cm) 35.3±2.7 32.5±2.2 <0.001

Waist circumference (cm) 80.2±8.0 76.8±6.9 0.028

Hip circumference (cm) 94.4±7.7 89.4±7.4 0.001

Body mass index (kg/m2) 22.4±2.9 19.6±2.7 <0.001

Red blood cells (×1012/L) 4.8±0.7 3.2±0.7 <0.001

White blood cells (×109/L) 4.1±1.1 7.6±3.2 <0.001

Platelets (×109/L) 227.4±7.2 330.7±1.8 <0.001

Hemoglobin (g/dL) 130.4±12.5 85.9±14.2 <0.001

Hematocrit (%) 42.6±4.7 26.6±6.1 <0.001

Plasma viscosity 1.4±0.2 2.1±0.4 <0.001

Blood viscosity 3.4±0.5 4.0±1.0 0.015

Fasting glucose (mmol/L) 4.7±1.2 4.3±1.5 0.166

Triglyceride (mmol/L) 0.9±0.3 1.1±0.4 0.132

Total cholesterol (mmol/L) 5.3±1.0 4.6±1.5 0.003

HDL-cholesterol (mmol/L) 0.8±0.2 0.7±0.3 0.010

LDL-cholesterol (mmol/L) 4.1±1.0 3.2±1.5 <0.001

TG/HDL-cholesterol 1.2±0.4 1.2±0.5 1.000

TC/HDL-cholesterol 7.2±2.0 5.3±2.1 <0.001

C-reactive protein (mg/L) 3.2±0.5 5.9±0.7 0.035

PAI-1 (ng/mL) 13.5±2.7 92.8±5.2 <0.001

Notes: Means±SD. Significant difference (p˂0.05). 
Abbreviations: AA, HbAA individuals (control); SS, HbSS individuals (sickle cell 
disease, SCD); TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipo-
protein cholesterol; LDL, low-density lipoprotein cholesterol; PAI-1, plasminogen 
activator inhibitor-1.
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Prolongation of QTc was used to assess abnormal ventri-
cular repolarization, which was shown to be a harbinger of 
ventricular tachyarrhythmia, troublesome palpitations, car-
diac arrest and sudden cardiac death.19 Similarly, some 
studies have associated the prolonged QT and QTc seen 
in SCA patients with pulmonary hypertension and multiple 
blood transfusions, which are common in SCA;20,21 how-
ever, this study did not evaluate the frequency of blood 
transfusion or the presence of pulmonary hypertension.

One major finding of this study is that the Tp-e interval 
and Tp-e/QT and Tp-e/QTc ratios were not statistically 
significantly different when the whole SCA population 
was compared to normal individuals; however, there was 
an increase in these indices in male SCA and a paradoxical 
decrease in female SCA compared to their respective con-
trols. It has been shown that prolongation of the Tp-e 
interval is associated with increased risk of mortality and 
sudden death in many chronic conditions, such as Brugada 
syndrome, long QT syndromes, hypertrophic cardiomyo-
pathy and obstructive sleep apnea, and in some patients 
undergoing primary percutaneous coronary intervention 
for myocardial infarction.10,22,23 Also, research has estab-
lished that these indices decreased as the collateral circula-
tion increased in stable coronary artery disease and 
associated cardiac ischemia.24 Our understanding from 
these findings is that cardiac ischemia resulting from 
microvascular occlusion may be one of the factors 

prolonging the Tp-e interval and thus may be responsible 
for the prolongation of these parameters in SCA patients.

In a large cooperative study conducted in the USA in 
1994 by Platt et al, the median survival for SCA was 
reported as 42 and 48 years in men and women, respectively. 
For hemoglobin SC (Hb SC) disease, the ages were reported 
as 60 years and 68 years for men and women, respectively,25 

and in Jamaica, survival ages estimated for people with SCA 
were 53 years and 58.5 years for men and women, 
respectively,26 suggesting that males with SCA are more 
prone to sudden death and have a shorter lifespan compared 
to females with SCA. An epidemiological study has also 
revealed that women appear to have a lower risk of arrhyth-
mia-related sudden death than men, and that postmenopausal 
women are more at risk of sudden cardiac death than their 
premenopausal counterparts.27 Animal experiments have 
shown that estrogen could attenuate ischemia- or reperfu-
sion-induced ventricular arrhythmias,28 which suggests that 
female sex hormones may have protective effects against 
arrhythmias.29 Our findings of increased Tp-e interval and 
Tp-e/QT and Tp-e/QTc ratios in males but not in 
females with SCA may be a pointer to the pathophysiology 
and reasons for the shorter life expectancy, higher sudden 
death and increased prevalence of ventricular arrhythmias 
observed in males compared to females with SCA.

On the predictors of ECG parameters in SCA patients, 
our findings showed that PAI-1 was an independent deter-
minant of QTc interval, and BMI was equally an indepen-
dent determinant of both Tp-e interval and Tp-e/QTc ratio. 
Furthermore, the predictive power of these variables was 
stronger in males than in females with SCA, suggesting 
that a change in PAI-1 and BMI may produce a stronger 
impact on the ECG parameters in male than in female 
patients with SCA. In SCA, elevated PAI-1 levels have 
been reported at steady state and are further elevated 
during sickle vaso-occlusive crises,30 and a previous 
study in another population showed that the Tp-e interval 
and Tp-e/QT ratio correlate positively with 
inflammation.31 Our findings may therefore suggest that 
females with SCA may have a lower risk of ventricular 
arrhythmias with the varying PAI-1 seen during sickle cell 
crisis. PAI-1 has been reported to mediate inflammation 
and thrombosis and also to stimulate oxidative stress.32

Our results also showed that the sickle cell population 
had higher blood viscosity, plasma viscosity and heart 
rate compared to the control group, which may be 
markers of ongoing inflammation and/or increased sym-
pathetic activity. Janse van Rensburg et al and 

Table 2 Clinical and Electrocardiographic Variables of the Study 
Population

Parameters HbAA (60) HbSS (60) p-Value

Systolic BP (mmHg) 112.4±10.4 106.1±14.4 0.015

Diastolic BP (mmHg) 75.0±9.5 61.1±10.6 <0.001

Pulse pressure (mmHg) 37.4±11.0 45.0±12.5 0.001

MAP (mmHg) 87.4±8.3 76.1±10.4 <0.001

Heart rate (bpm) 67.3±10.3 71.4±11.4 0.097

QT (ms) 366.4±23.5 387.5±23.7 <0.001

QTc (ms) 387.9±27.9 417.6±27.5 <0.001

Tp-e (ms) 80.0±16.2 82.7±15.4 1.000

Tp-e/QT ratio 0.22±0.1 0.21±0.1 1.000

Tp-e/QTc ratio 0.21±0.1 0.20±0.1 0.805

Notes: Means±SD. Significant difference (p˂0.05). 
Abbreviations: AA, HbAA individuals (control); SS, HbSS individuals (SCD); BP, 
blood pressure; MAP, mean arterial pressure.
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Mountantonakis and Deo showed that increased sympa-
thetic and inflammatory activity has a direct causal rela-
tionship with cardiac arrhythmias and sudden cardiac 
death through electrical disturbances occurring during 
ventricular repolarization.33,34 Our result on the impact 
of the correlation of BMI with ECG ventricular repolar-
ization variables is also in tandem with the findings of 
Arslan et al.35

Conclusion
This study demonstrated that there may be an increased 
risk of ventricular arrhythmias and thus cardiovascular 
mortality in male SCA patients compared with their 
female counterparts. Also, increased BMI and PAI-1 
level are possible markers of ECG abnormalities in 
SCA patients. There are limited data assessing the Tp- 
e interval and Tp-e/QTc ratio in SCA patients; therefore, 

Table 3 Biological and Laboratory Parameters of the Study Population Characterized by Gender

Parameters Male Female

HbAA (36) HbSS (35) HbAA (24) HbSS (25)

Age (years) 27.8±6.3 26.5±7.8 23.0±1.7 24.5±6.0

Population 36 35 24 25

Weight (kg) 65.5±9.0 56.4±9.4* 62.1±11.4 51.5±8.2†

Height (m) 1.73±0.1 1.70±0.1 1.64±0.1 1.62±0.1

Neck circumference (cm) 36.3±2.7 34.5±0.9* 33.7±1.7 31.3±1.8†

Waist circumference (cm) 80.2±6.8 73.3±5.2* 80.3±9.6 78.9±6.9

Hip circumference (cm) 92.1±5.1 86.7±6.5* 97.7±9.7 91.0±7.5†

Body mass index (kg/m2) 22.0±2.4 19.5±2.4* 23.0±3.5 19.7±2.8†

Red blood cells (×1012/L) 5.0±0.7 3.2±0.5* 4.4±0.5 3.3±0.8†

White blood cells (×109/L) 3.9±0.9 7.9±2.7* 4.3±1.2 7.4±3.5†

Platelets (×109/L) 214.8±64.1 391.3±200.1* 246.3±81.0 298.8±159.2

Hemoglobin (g/dL) 131.9±11.9 83.8±12.1* 128.2±13.4 87.1±15.3†

Hematocrit (%) 43.4±4.8 26.0±4.5* 41.5±4.4 27.0±6.9†

Plasma viscosity 1.8±0.2 2.1±0.4* 1.8±0.2 2.0±0.3†

Blood viscosity 4.4±0.5 5.0±0.7* 4.4±0.4 5.0±1.1

Fasting glucose 4.8±1.5 4.3±1.5 4.6±0.5 4.5±1.5

Triglyceride (mmol/L) 0.8±0.2 0.9±0.4 1.0±0.3 1.1±0.4

Total cholesterol (mmol/L) 5.1±1.0 4.6±1.0* 5.5±1.1 4.6±1.7†

HDL-cholesterol (mmol/L) 0.8±0.2 0.7±0.2 0.7±0.1 0.6±0.3†

LDL-cholesterol (mmol/L) 4.0±1.0 3.3±0.9* 4.3±1.0 3.2±1.8†

TG/HDL-cholesterol 1.1±0.4 1.1±0.5 1.3±0.4 1.3±0.5

TC/HDL-cholesterol 7.0±2.3 5.6±1.6* 7.6±1.5 5.1±2.4†

C-reactive protein (mg/L) 3.5±0.6 6.1±0.7* 2.7±2.6 5.7±0.8†

PAI-1 (ng/mL) 16.4±35.4 79.3±27.8* 9.5±7.5 101.0±61.1†

Notes: Means±SD. Significant difference (p˂0.05). *Comparison of male AA to male SS. †Comparison of female AA to female SS. 
Abbreviations: AA, HbAA individuals (control); SS, HbSS individuals (sickle cell disease, SCD); TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein 
cholesterol; LDL, low-density lipoprotein cholesterol; PAI-1, plasminogen activator inhibitor-1.
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Table 4 Clinical and Electrocardiographic Variables of the Study Population Characterized by Gender

Parameters Male Female

HbAA (36) HbSS (35) HbAA (24) HbSS (25)

Systolic BP (mmHg) 115.0±10.6 109.0±13.7 108.5±8.8 104.4±14.7

Diastolic BP (mmHg) 75.7±10.4 61.6±11.0* 73.9±8.1 60.8±10.5†

Pulse pressure (mmHg) 39.3±13.4 47.4±13.0* 34.6±5.1 43.6±12.2†

MAP (mmHg) 88.8±8.4 77.4±10.3* 85.4±8.0 75.4±10.6†

Heart rate (bpm) 65.1±8.6 70.9±6.5 70.6±11.9 75.8±11.3

QT (ms) 370.6±26.2 391.6±22.4* 360.0±17.5 385.0±24.4†

QTc (ms) 383.5±25.6 402.1±21.2* 394.5±30.7 426.9±26.8†

Tp-e (ms) 75.3±14.8 90.5±13.9* 87.3±15.8 78.1±14.5†

Tp-e/QT ratio 0.21±0.1 0.23±0.1* 0.24±0.1 0.20±0.1†

Tp-e/QTc ratio 0.20±0.1 0.22±0.1* 0.22±0.1 0.18±0.1†

Notes: Means±SD. Significant difference (p˂0.05). *Comparison of male AA to male SS. †Comparison of female AA to female SS. 
Abbreviations: AA, HbAA individuals (control); SS, HbSS individuals (SCD); BP, blood pressure; MAP, mean arterial pressure.

Table 5 Linear Regression in the Sickle Cell Anemia Population (PAI-1 and QTc)

Male QTc Female QTc

Beta SE β p Beta SE β p

PAI-1 0.000 0.000 0.474 0.047 0.000 0.000 0.339 0.020

Notes: Male model r2=0.474; male model p=0.047; β, regression coefficient. Female model r2=0.594; female model p=0.003; β, regression coefficient. Significant difference 
(p˂0.05). 
Abbreviation: PAI-1, plasminogen activator inhibitor-1.

Table 6 Linear Regression in the Sickle Cell Anemia Population (BMI and Tp-e)

Male Tp-e Female Tp-e

Beta SE β p Beta SE β p

BMI 0.006 0.001 0.926 <0.001 0.002 0.001 0.496 0.002

Notes: Male model r2=0.987; male model p<0.001; β, regression coefficient. Female model r2=0.665; female model p<0.001; β, regression coefficient. Significant difference 
(p˂0.05). 
Abbreviation: BMI, body mass index.

Table 7 Linear Regression in the Sickle Cell Anemia Population (BMI and Tp-e/QTc Ratio)

Male Tp-e/QTc Ratio Female Tp-e/QTc Ratio

Beta SE β p Beta SE β p

BMI 0.014 0.003 0.833 0.006 0.006 0.002 0.550 0.002

Notes: Male model r2=0.866; male model p<0.001; β, regression coefficient. Female model r2=0.550; female model p=0.002; β, regression coefficient. Significant difference 
(p˂0.05). 
Abbreviation: BMI, body mass index.
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our findings may be useful as a reference for further 
studies.
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