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Introduction: Hemoglobinopathies are common disorders in Saudi Arabia and have an 
impact on the general health of the affected individuals. The current study aimed to find out 
the effects of the presence of α 3.7 kb rightward deletion or sickle-cell trait (SCT) on 
ventilatory and hemodynamic parameters of maximum exercise testing in young Saudi 
women.
Methods: In a cross-sectional study, 75 randomly selected female students from different 
colleges were tested for VO2max using a COSMED system for maximum exercise testing. 
Blood parameters and globin genotyping were determined.
Results: Hemoglobin genetic studies revealed 28 of the students had 3.7 α-globin deletion 
only (−3.7α2/α1α2), five had SCT, and 42 had normal α-globin (α1α2/α1α2 and no HbS) and 
were considered the control group. Subjects with −3.7α2/α1α2 showed significantly lower 
VO2max and higher resting systolic blood pressure, while SCT carriers showed no difference 
in regard to ventilatory parameters, but had higher post-exercise systolic blood pressure than 
controls.
Conclusion: It is concluded that individuals with 3.7 α-globin deletion might have lower 
fitness capacity, as demonstrated by lower VO2max, which might explain the general lower 
VO2max in the young women of this population. Furthermore, increments in resting systolic 
and posteexercise systolic blood pressure in 3.7 α-globin deletion and SCT, respectively, 
might indicate a future risk of cardiovascular diseases and require attention and extensive 
studies.
Keywords: cardiopulmonary exercise testing, exercise test, α-globin, sickle-cell trait, blood 
pressure, Saudi Arabia

Introduction
Hemoglobinopathies are common disorders in Saudi Arabia. These are genetic 
conditions characterized by an abnormal hemoglobin structure, due to various 
forms of mutations. The major types of hemoglobinopathies encountered in Saudi 
Arabia are sickle-cell disease and the two forms of thalassemia, ie, α and β.1 In a 
recent study, the overall prevalence (per 1,000 inhabitants) of sickle-cell disease 
was found to be 49.6, with the rate of carrier state 45.8 per 1,000 and diseased 3.8 
per 1,000. On the other hand, the overall prevalence of β-thalassemia was 13.6 per 
1,000 population, with 12.9 carriers and 0.7 diseased.2,3 The eastern and southern 
provinces of Saudi Arabia demonstrate the highest rate of both sickle-cell disease 
and β-thalassemia.4 Sickle-cell anemia and β-thalassemia manifest with severe 
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anemia, failure to thrive, and multiorgan damage, and need 
frequent follow-up, hospitalization, lifelong medication, 
and blood transfusion.5 Sickle cell trait (SCT) is the carrier 
state of sickle-cell disease that results from inheriting one 
copy of a specific mutation in the β-globin gene. Two 
copies of this mutated gene encode the abnormal hemo-
globin of sickle-cell anemia known as HbS. SCT is com-
monly known as a benign disorder, and those who carry it 
usually have a normal life.6 However, many incidents of 
sudden death have been reported with SCT carriers while 
performing physical activity under extreme conditions, 
such as at high altitude and high temperature.7 Properties 
of HbS in SCT carriers, such as low affinity to carry 
oxygen and abnormal rheology, are expected to develop 
into a condition of exertional sickling to SCT carriers.8

α-Thalassemia is also highly prevalent in the same 
regions of Saudi Arabia. Its rate reaches 45% of the 
population in the highest incident areas.9 Saudi research 
has revealed a mild reduction in the incidence of sickle- 
cell anemia and β-thalassemia owing to governmental 
preventive and screening programs; however, the rate of 
α-thalassemia remains constant, due to lack of screening 
tests for α carriers.4 α-Thalassemia ranges from a silent, 
mild condition of microcytic hypochromic anemia to a 
major lethal form.10 The presentation of α-thalassemia 
depends on the type of mutation in the α gene. It varies, 
with possible deletion, substitution, or complete absence 
of the gene. The 3.7α rightward deletion is one of the most 
prevalent deletions in the Saudi population. Deletion of 
one α-globin gene (−3.7α2/α1α2) among the four genes is 
designated α-thalassemia silent, and individuals born with 
this mutation live normal lives.11

Since oxygen-carrying capacity is an important factor 
in normal physical activity, we planned to study effects of 
the high prevalence of carrier states of an abnormal hemo-
globin, in particular 3.7α rightward deletion and SCT, in 
the eastern province in extreme conditions of maximum 
exercise. Maximum oxygen consumption (VO2max) is the 
main component in cardiopulmonary exercise testing 
(CPET) and the gold standard for the assessment of phy-
sical fitness.12 In this study, we planned to perform CPET 
in SCT carriers, α-thalassemia–silent, and control subjects, 
and all ventilatory and hemodynamic parameters would be 
compared among the groups. We hypothesized that SCT- 
carrier females and those with the −3.7α2/α1α2 genotype 
would have lower ventilatory and abnormal hemodynamic 
responses in comparison with non-SCT carriers and non-α- 
thalassemia–silent females during CPET.

Methods
This was a cross-sectional study conducted from March 
2017 to March 2018. A total of 75 Saudi female college 
students aged 19–25 years were randomly selected from 
different health colleges (Medicine, Dentistry, Nursing, 
Applied Medical Science and Clinical Pharmacy) of 
Imam Abdulrahman Bin Faisal University, Dammam, 
Saudi Arabia. A list of all female students was requested 
from the administration. Students were numbered and 
arranged in ascending order. A random sample was 
selected based on numbers, and students were interviewed 
and assessed for eligibility. The sample size was calculated 
to assess VO2max using G*power 3.1 statistical power– 
analysis software13 based on the calculation of effect size 
to give the study power of 95%. An effect size of 0.21 was 
calculated using the mean VO2max value of the null 
hypothesis: H0 = 33.7 and SD = 10.97. Mean VO2max 

and SD values were taken from a local study.14 The 
mean VO2max value of the alternative hypothesis was H1 

= 36. Sudents were grouped as −3.7α2/α1α2 (n=28), SCT 
(n=5), and without 3.7α rightward deletion or SCT (n=42). 
The last group was considered the control group.

Criteria for inclusion in the study were being appar-
ently healthy, with normal body BMI of 18.50–24.99 kg/ 
m2),15 and sedentary according to the definition of the 
International Physical Activity Questionnaire.16 

Participants with any contraindication of exercise stress 
testing, known chronic illness, had undergone major sur-
gery, or taking any medication apart from nonsteroidal 
anti-inflammatory drugs were excluded from the study. 
Additionally, pregnancy, breastfeeding, smoking, and 
using ergogenic aids were also considered exclusion cri-
teria. All participants signed a written informed consent 
for participation in the study, including all the required 
procedures. The design of the study and all procedures 
performed complied with the Declaration of Helsinki and 
university ethical committee guidelines. Approval was 
awarded by the Institutional Review Board of the 
University of Imam Abdulrahman Bin Faisal (approval 
IRB –PGS-2017-01-219).

Cardiopulmonary Exercise Testing
Equipment and Setup
The exercise was carried out in the Exercise Research 
Center of the College of Applied Medical Sciences. All 
tests were performed from 10:00 am to 1:00 pm using 
COSMED system for CPET (Quark CPET; COSMED, 
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Rome, Italy). This is composed of a gas analyzer (breath 
by breath analyzer) for continuous gas-exchange measure-
ments made by open-circuit spirometry, electronically 
braked cycle ergometry (Ergoline), an electrocardiogram 
(ECG) monitor (wireless 12-lead stress PC ECG), arterial 
blood pressure cuff (mercury sphygmomanometer, diplo-
mat-presameter sphygmomanometer, [Riester, Jungingen, 
Germany] and Spot Vital Signs device [Welch Allyn, 
Skaneateles Falls, NY, USA]), a pulse oximeter, and com-
puter and online-analysis software for final reports. The 
system was calibrated in accordance with the manufac-
turer’s instructions.

Procedure
All subjects performed a maximal-exercise test on a sta-
tionary bicycle ergometer using 1-minute increments. 
Selection of the work-rate increase needed for the students 
was calculated by a formula previously published for cycle 
ergometry and sedentary females:17

1. VO2 unloaded in mL/min = 150 + (6 × weight 
[kg]).

2. Peak VO2 in mL/min = (height [cm] – age [years]) 
×20 for sedentary men and ×14 for sedentary 
women.

3. Work-rate increment per minute in watts = (peak 
VO2 in mL/min – VO2 unloaded in mL/min)/100.

Age-predicted maximal heart rate was obtained from 
the formula 220 – age).17 Subjects had measurement of 
resting arterial blood pressure (BP) taken in sitting posi-
tion from the right arm. Three measurements of resting 
arterial blood pressure were recorded at three intervals, 
first after 5 minutes of rest then two after 3 minutes. The 
three readings were averaged.

After a period of rest, the incremental protocol allowed 
the subject initially to cycle for 3 minutes of unloaded 
pedaling as a warm-up. Then, power output started at 20 
W and increased by 15 W every minute by computer 
control until the subject was limited by debilitating symp-
toms despite verbal encouragement. Cycling frequency 
was maintained at 50 rpm throughout the exercise with 
the assistance of the digital display on the bike to maintain 
the required cycling pace. Finally, subjects were asked to 
continue cycling for 3 minutes without resistance in the 
recovery period. Time till exhaustion was recorded. 
Subjects were asked about the reason for stopping the 
exercise test. The duration of the exercise was 6–12 

minutes. Heart rate, oxygen saturation (SpO2%), arterial 
blood pressure, and ECG were monitored at resting base-
line, during the exercise test, and 3 minutes postexercise. 
Maximum heart rate and blood pressure of the last 
achieved stage were determined.

Based on breath-gas analysis, VO2max, mL/min and 
mL/kg.min), carbon dioxide production (VCO2, mL/min), 
minute ventilation (L/min), respiratory rate (breaths/min), 
tidal volume (L), respiratory exchange ratio, ventilatory 
anerobic threshold (mL/min and mL/kg.min) were mea-
sured. VO2 values were considered maximal when two of 
four criteria were achieved: plateau of VO2 despite an 
increase in workload, respiratory exchange ratio 1:1 or 
higher, heart rate within 15 beats of the age-predicted 
maximum, and/or rating of perceived exertion ≥17. 
American College of Sport Medicine guidelines of indica-
tions for terminating exercise testing were followed.17

Hematologic Tests and Globin Genotypes
Blood samples were collected in EDTA vacutainers and 
analyzed for complete blood count (Hb g/dL, red blood cell 
[RBC] count, hematocrit, mean cell volume [MCV], mean 
corpuscular hemoglobin [MCH], MCH concentration, red 
cell–distribution width), iron concentration, serum ferritin, 
total iron-binding capacity, fetal hemoglobin percentage, 
HbS percentage, and HbA2 percentage. Genomic DNA 
from the blood samples was isolated and genotypes of α- 
and β-globin genes analyzed using Sanger sequencing with a 
BigDye Terminator kit (3500 genetic analyzer; Applied 
Biosystems, Foster City, CA, USA). Electropherograms 
were analyzed using DNA sequencing–analysis software 
version 5.4 (Applied Biosystems).

Statistical Analysis
SPSS 22 was used to perform statistical analyses. All data 
are expressed as means ± SD (interquartile range). 
Independent-sample Student’s t-tests were used to com-
pare ventilatory and hemodynamic parameters between 
SCT carriers and controls and α-thalassemia silent vs con-
trols. P<0.05 was considered significant.

Results
We evaluated 75 women aged 19–25 years (mean 20.29 
±0.99 years). These Saudi subjects were assigned to three 
groups: SCT (n=5), 3.7α rightward deletion (−3.7α2/α1α2, 
n=28), and controls who had been confirmed to have 
neither SCT nor 3.7α rightward deletion (α1α2/α1α2, 
n=42). Body indices and hematologic, ventilatory, and 
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cardiovascular (hemodynamic) parameters of the three 
groups are presented in Table 1. On independent-sample 
Student’s t-tests comparing SCT carriers and controls, 
MCH and MCV were significantly lower in SCT carriers 
(P=0.004 and 0.045, respectively), while students with 
−3.7α2/α1α2 demonstrated significantly lower hemoglobin 
(P=0.02), MCH (P=0.005), MCV (P=0.00005), and 
VO2max than controls (P=0.004). Additionally, 3.7α dele-
tion showed borderline- significance for higher resting 
systolic blood pressure (P=0.049) and SCT carriers sig-
nificantly higher post-exercise systolic blood pressure 
(P=0.037).

All participants were subjected to genotyping analysis, 
ie, functional exonic (β0 or β+), intronic, and α-globin 
DNA variations (Table 2). The groups were compared in 
terms of β (HBB) mutations and α-globin–deletion muta-
tions (Table 2). As shown in β0 or β+ mutations, the 
presence of hetero HBB:c20A>T on direct HBB sequen-
cing was confirmed in all members of the SCT group. 
There were three exonic types in the control group, with 
highest appearance of hetero HBB:c435G>A (n=3). The 
−3.7α2/α1α2 group showed two exonic mutations only: het-
ero HBB:c431T>A (n=1) and hetero HBB:c93–21G>A 
(n=1). As the number of β-thalassemia carriers is very 
small, separate analysis was not done. Regarding the intro-
nic mutations, hetero c315+74T>G had the highest appear-
ance in the whole sample (n=26) and specifically in the 
control group (n=14). The second–most frequently occur-
ring was homo c315+16G>C (n=21), but it appeared in the 
SCT group (n=3) and −3.7α2/α1α2 (n=18) only. Homo c315 
+74T>G (n=20) was found to be high in healthy control 
females (n=10) and −3.7α2/α1α2 (n=10). Furthermore, the α- 
globin genotype revealed a total of 28 with –3.7α2/α1α2 and 
42 with α1α2/α1α2, while in SCT carriers two α-globin 
genotypes –3.7α2/α1α2 (n=2), two α1α2/α1α2 (n=2), and – 

4.2α1/α1α2 (n=1) were found (Table 2).

Discussion
The 3.7α rightward deletion and sickle-cell mutation are the 
most prevalent globin-gene variations in the Saudi Arabian 
population, particularly in the eastern and southern 
regions.3,11 Despite active epidemiological studies and 
national screening programs for genetic blood diseases in 
Saudi Arabia, some carriers remain hidden and 
undiagnosed.18 Physical fitness assessment represented 
by VO2max in young, apparently healthy Saudi females in 
the eastern province revealed low values compared to 
international values, and the mechanism behind this 

remains uncertain.14,19,20 A recent attempt to explore 
such mechanisms studied functional exonic variations of 
low-VO2max Saudi females and revealed the association of 
genes involved in heart rate, body weight, breath tests, 
proteolysis, and cardiac muscle–fiber development.21 

However, that study did not involve the most common 
hematologic abnormalities present in the area, ie, SCT 
and 3.7α rightward deletion. As such, the present study 
focused on the possible association of the presence of 
3.7α rightward deletion and SCT among Saudi women 
with varying ventilatory and hemodynamic parameters 
associated with maximum exercise capacity. The present 
study revealed that 3.7α deletion is associated with low 
VO2max, due to hidden or clinically undiagnosed defective 
O2-carriage capacity. This is the first of its kind in obser-
ving the association of the 3.7α rightward deletion (−3.7α2/ 
α1α2) with low VO2max among young women. The current 
diminished VO2max was further reflected by the microcy-
tosis (MCV), and low MCH of 3.7α2/α1α2 females com-
pared to normal subjects. Mehdi et al aimed to compare 
hematologic indices of inherited α- and β-thalassemia in 
Saudi Arabia. He found that low MCV and MCH with 
were the most important parameters in the diagnosis of α- 
thalassemia minor.4

Our subjects with 3.7α rightward deletion (−3.7α2/α1α2) 
demonstrated a borderline increase in resting systolic 
blood pressure. Based on experimental animal studies, it 
is believed that lack of α-hemoglobin culminates in a 
reduction in arterial blood pressure, because α-hemoglobin 
is expressed not only in RBCs but also in the endothelial 
cells of the vessels. α-Hemoglobin forms a complex struc-
ture with the enzymes regulating the metabolism of nitric 
oxide (NO). Lack of the α subunit culminates in an over-
bioavailability of NO and leads to relaxation of smooth- 
muscle cells of the arterioles and hence a reduction in 
arterial blood pressure.22,23 However, results collected 
from human subjects reveals conflicting data regarding 
the effect of α-thalassemia on arterial blood pressure. 
Some investigators have shown an elevated blood pressure 
and higher incidence of hypertension in α-thalassemic 
carriers.24 The increase in arterial blood pressure in α- 
thalassemic subjects was explained by the presence of 
high level of HbH in these carriers. HbH has higher 
affinity for NO than HbA. When HbH is infused into 
rats, it raises arterial blood pressure.25 Using 24-hour 
ambulatory arterial blood-pressure monitoring, Etyang 
et al showed normal arterial blood pressure in Kenyan 
adolescents with α-thalassemia.26 Therefore, it can be 
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Table 1 Comparison of Body Indices and Hematological, Ventilatory, and Hemodynamic Parameters Between the Control Group and 
Sickle-Cell Trait (SCT) Subjects, and Between the Control Group and Subjects with 3.7 Rightward Deletion (−3.7α2/α1α2) Using 
Independent-Sample Student’s t-test

Control Group (α1α2/α1α2 and non- 
SCT), mean ± SD (Interquartile 
Range), n=42

SCT, mean ±SD 
(Interquartile 
Range), n=5

P- 
value

−3.7α2/α1α2, mean ± SD 
(Interquartile Range), 
n=28

P- 
value

Weight, kg 52.26±5.12 (6.5) 55.0±5.9 (3.9) 0.606 53.428±5.25 (8.4) 0.376

BMI 21.18±1.53 (2.52) 22.1±1.7 (1.73) 0.461 21.43±1.68 (1.72) 0.547

RBC count ×106 4.31±0.52 (0.42) 4.8±0.6 (0.13) 0.068 4.52±0.74 (0.64) 0.163
Hb, g/dL 11.4±0.9 (0.875) 10.9±0.1 (0.6) 0.267 10.7±1.65* (1.2) 0.020

Hct, % 36.22±3.10 (4.225) 36.5±3.1 (2.8) 0.870 34.42±5.33 (4.575) 0.080

MCH, pg 26.41±2.19 (2.9) 23.1±3.0** (0.8) 0.004 23.89±4.76** (5.225) 0.005
MCHC, g/dL 31.98±3.58 (1.925) 30.0±1.1 (1) 0.220 31.05±3.14 (1.775) 0.269

RDW, % 15.32±4.67 (2.925) 13.5±1.7 (0.1) 0.397 15.06±3.67 (2.3) 0.810
MCV, fl 86.49±11.88 (8.8) 77.0±7.8* (6.1) 0.045 72.42±13.45** (15) 0.00005

HbF, % 0.61±1.23 (0.3) 0.7±0.5 (0.8) 0.898 0.29±0.23 (0.125) 0.182

HbA2, % 2.72±0.24 (0.3) 3.2±0.2 (0) 0.067 2.66±0.69 (0.45) 0.778
Serum ferritin, µg/L 19.55±20.88 (10.745) 16.5±12.7 (22.55) 0.318 20.05±18.89 (20.3) 0.924

Serum iron, µg/L 71.54±37.64 (59.5) 73.0±34.7 (37.1) 0.383 56.82±30.76 (40) 0.107

TIBC, µmol/L 312.66±76.53 (78.65) 354.5±44.7 (72.6) 0.332 312.99±68.51 (107.3) 0.986
Ventilation, L/min (VE) 60.84±11.31 (16) 64.5±17.0 (18.9) 0.468 56.09±11.02 (16.8) 0.055

Tidal volume, L 1.275±0.196 (0.298) 1.4±0.2 (0.065) 0.380 1.29±0.18 (0.212) 0.714

Respiratory frequency 48.11±7.70 (8.2) 45.9±12.1 (7.3) 0.918 43.14±7.67* (13.9) 0.013
VO2max, mL/min 1,513.73±206.16 (221) 1,467.8±186.58 (263) 0.640 1,355.45±177.94** (230) 0.004

VO2max, mL/min.kg 28.41±4.19, (5.25) 29.7±3.9 (1.64) 0.929 26.63±3.0 (3.74) 0.087

CO2 production (VCO2), 
mL/min

1560.59±263.61 (315) 1,622.0±432.8 (94) 0.859 1,501.16±286.00 (370) 0.393

Respiratory exchange 

ratio, VCO2/VO2

1.29±0.09 (0.08) 1.3±0.1 (0.05) 0.975 1.33±0.10 (0.12) 0.230

Anerobic threshold, mL/ 

min

825.39±423.28 (261) 879.2±293.8 (204) 0.555 700.4±185.78 (345) 0.168

Anerobic threshold, mL/ 
min.kg

15.76±7.76 (4.35) 16.1±5.2 (5.55) 0.509 13.076±3.22 (5.1) 0.105

Resting heart rate (beats/ 

min)

97.02±15.46 (16) 94.0±14.8 (17) 0.640 96.88±12.97 (13) 0.960

Resting systolic blood 

pressure (mmHg)

97.83±10.4 (11) 100.8±10.6 (4) 0.211 103.52±12.38* (18) 0.049

Resting diastolic blood 
pressure (mmHg)

57.68±8.91 (11) 59.8±8.6 (12) 0.105 60.12±8.22 (9) 0.271

Maximum heart rate 

(beats/min)

181.61±6.93 (11) 179.2±8.8 (3) 0.585 183.44±7.18 (8) 0.308

Systolic blood pressure 

(mmHg) at VO2max

143.9±14.73 (21) 141.6±9.5 (12) 0.813 143.90±14.73 (15) 0.321

Diastolic blood pressure 
(mmHg) at VO2max

80.54±13.31 (17) 77.2±16.7 (26) 0.985 81.76±19.15 (17) 0.761

Postexercise heart rate 

after 3 minutes’ recovery 
(beats/min)

164.27±134.19 (22) 146.2±10.6 (10) 0.747 143.16±12.81 (18) 0.437

Postexercise diastolic 

blood pressure (mmHg)

57.09±8.22 (12) 60±13.66 (14) 0.239 54.22±7.18 (10) 0.165

Postexercise systolic blood 

pressure (mmHg)

109.71±13.89 (20) 123±13.51* (22) 0.037 111.30±11.1 (18.5) 0.318

Notes: *P<0.05, **P<0.01. 
Abbreviations: RBC, red blood cell; Hb, hemoglobin; Hct, hematocrit; MCH, mean corpuscular hemoglobin; MCHC, MCH concentration; RDW, red cell–distribution 
width; MCV, mean cell volume; TIBC, total iron-binding capacity; VO2max, maximum O2 uptake.
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postulated that changes in arterial blood pressure in α- 
thalassemic carriers might be the result of the interaction 
between the two previously mentioned mechanisms, ie, the 
effect of deficiency in the α subunit in the endothelium and 
the increase in HbH. The current finding of low VO2max 

and relatively high resting systolic blood pressure in 3.7α 
rightward deletion is a very important one, and should 
raise the alert toward possible increased cardiovascular 
risk in this carrier group.

On the other hand, SCT carriers showed no difference 
in VO2max compared to controls. Although the sample in 
our study was small, particularly in regard to SCT (n=5), 
previous studies support our finding. In a longitudinal 
study estimating cardiovascular risk in healthy and SCT 
subjects, there were no differences between the two groups 
in regard to baseline fitness, duration of maximum exer-
cise, heart rate, or metabolic equivalent of predetermined 
tasks.27 Similarly, several studies using incremental max-
imum exercise demonstrated no difference between SCT 
carriers and normal controls in regard to VO2max, ventila-
tory threshold, or hemodynamic parameters.28–31 Despite 
such experimental evidence for normal fitness levels of 
SCT carriers, some authors believe that SCT carriers might 
be hindered from highly competitive sports. Le Gallais 
et al observed no SCT carriers among Abidjan half- 
marathoners.32 Thiriet et al33 found that SCT candidates 
showed lower performance times that non-SCT ones 

during the Mount Cameroon Ascent Race.The pathophy-
siology behind these observations is not clear; however it 
was suggested that strenuous exercise might expose SCT 
carriers to dehydration that might affect the rheology of 
RBCs, leading to deformity of these cells, increasing blood 
viscosity, precipitating vaso-occlusive events, as well as 
triggering massive proinflammatory responses.34,35

Our SCT group showed also significantly higher post-
exercise systolic blood pressure than controls. SCT carriers 
are prone to ischemic heart attacks, stroke, and renal 
disease.27 Several investigations have been performed to 
find out the role of changes in blood pressure in cardio-
vascular and ischemic complications of SCT. However, 
most studies demonstrated no difference in resting arterial 
blood pressure between SCT carriers and controls.27,36 

Even using ambulatory 24 hour blood-pressure monitor-
ing, Etyang et al found no difference between the young 
SCT adolescents and their controls.37 However, in this 
study the significantly higher postexercise systolic blood 
pressure reflected another aspect of the control and regula-
tion of arterial blood pressure: it demonstrates the recovery 
response of systolic blood pressure after maximum 
exercise.38 It most probably reflects a delay in the restora-
tion of the resting sympathovagal balance in SCT carriers 
compared to normal controls. Furthermore, this is also an 
important finding that should draw attention toward the 

Table 2 β-globin Gene Variations in the Study Subjects

Mutations Control Group (α1α2/α1α2 and non SCT), 
n=42

SCT, n=5 −3.7α2/α1α2, n=28

β-globin 

mutations

β0 or β+ 

mutations

Hetero HBB:c370A>C (n=1); Hetero HBB: 

c431T>A (n=2); Hetero HBB:c435G>A (n=3)

Hetero HBB:c20A>T (n=5) Hetero HBB:c93–21G>A 

(n=1); Hetero HBB:c431T>A 

(n=1);

Intronic Homo c315+74T>G (n=10); 

Hetero c315+74T>G (n=14); 
c316–156_316-155insATTTMTGCATAYAAAT 

(n=1); Hetero c59A>C (n=1); 

c316–183_316-168delCTGCATATAAATATT 
(n=2); c316–158_316- 

157insATATTTMTRCATAYAA (n=1); Hetero c 

(315+26T>G) (n=1)

Hetero c315+74T>G (n=3); 

Homo c315+16G>C (n=3); 
c316–183_316- 

168delCTGCATATAAATATTT, 

(n=1); 
c316–156_316- 

155insATTTMTGCATAYAAAT 

(n=1).

Homo c315+74T>G (n=10); 

Hetero c315+74T>Gn=9); 
Homo c315+16G>C (n=18); 

c316–156_316- 

155insATYTCTGCATATAART 
(n=1); Hetero c315+81C>T 

(n=2); 

Hetero c(92+5G>C (n=1); 
Hetero c316–49C>G (n=1); 

Hetero HBB:c294C>T (n=1) 

(synonymous variant)

α-globin 
mutations

α1α2/α1α2 (n=42) −3.7α2/α1α2 (n=2); 
α1α2/α1α2 (n=2); 

α1-
4.2/α1α2 (n=1)

−3.7α2/α1α2 (n=28)
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cardiovascular risk of SCT carriers, which was elucidated 
by maximum exercise.

Conclusion
The current study demonstrated for the first time that female 
students with the −3.7α2/α1α2 genotype exhibited lower 
VO2max than female students with the α1α2/α1α2 genotype. 
The −3.7α2/α1α2 group showed also lower MCH and MCV 
and a borderline increase in resting systolic blood pressure, 
while the SCT group exhibited normal ventilatory responses 
to maximum incremental exercise testing, with lower MCH 
and MCV. Furthermore, the SCT group showed higher post-
exercise systolic blood pressure than normal controls, which 
might indicate a delay in recovery of the sympathovagal 
balance during the postexercise period.
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