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Point-Counterpoint: Sickle cell trait should/should not be considered asymptomatic and as a
benign condition during physical activity
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SICKLE CELL TRAIT (SCT) is found in approximately 8% of African Americans, and may
reach up to 40% of West Africans. However, most of them are unaware of their status. This
observation suggests that SCT may be asymptomatic and remains a benign condition for daily
life activities (5). Indeed, numerous studies have reported that subjects with SCT had normal
growth and development, normal morbidity (10) and mortality (21), and finally, normal life
expectancy (12). Moreover, in worldwide countries of malarial endemicity, subjects with SCT
have been found to be more healthy and apt to heavy physical labor than subjects without the
trait. Our hypothesis that SCT can also be considered asymptomatic and as a benign condition
during physical activity is based on. five kinds of data.

1 - Epidemiological studies on large popular sporting events. Of 1506 black males
participating in the first Abidjan semi-marathon, SCT was detected in 123, i.e. 8.7%, a
percentage similar to that observed in the general Ivory Coast population (15). Similarly, of
266 Cameroonian runners engaged in the International Mount Cameroun Ascent Race, SCT
was found in 33 (12.4%), a prevalence similar to that of the ethnically corrected general
population (25). These results suggest that, unlike patients with symptoms or subjects with
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deleterious condition, there is no selective exclusion of individuals with SCT from
participation to sports and physical activities.

2 - Epidemiological studies on specific sports practitioners. Murphy et al. (16) reported the
presence of 39 (6.7%) subjects with SCT among the black football players in the National
Football League. Similarly, 15 black high school athletes with SCT (10.5%) were observed by
Diggs et al. (7). In physical education and sports colleges in Ivory Coast and Cameroon, the
prevalence of SCT was reported to be 13.7% and 18,6%, respectively, i.e. percentages similar
to those observed in the general population of these countries (12% and 17.3%, respectively)
(13, 24). Theses studies suggest that SCT does not discourage its carriers from practicing
high-level competitive activities, and from engaging themselves in sportive professions.

national Ivory Coast champions or record holders in races during the 1956-1989 period, we
found 13 athletes with SCT (10.1%) (14). Among 122 national Ivory Coast track and field
throw and jump champions during the 1956-1995 period, 34 were found to wear SCT (27.8%)
(3). These percentages were similar, and significantly higher than that of subjects with SCT in
the general population of Ivory Coast. Athletes with SCT participated to the 1968 Mexico
Olympic Games, as reported by Pearson (17). These data indicate that athletes with SCT are
quite able to perform at the highest level, which imply long-lasting and strenuous training.

3 - Physical aptitude of subjects with SCT. Aerobic (maximal oxygen uptake and ventilatory
threshold) (18, 27) and anaerobic (maximal anaerobic power) (2) metabolisms have been
found similar in subjects with SCT, and in controls with normal hemoglobin. However, blood
lactate concentrations [La] during incremental exercise remain a controversial issue. Freund et
al. (9) reported significantly higher [La] in SCT subjects than in controls. Unfortunately, these
subjects exhibited significantly lower hemoglobin level than controls. In contrast, Gozal et al.
(11), and Bilé et al. (3), found significant lower [La] in physical education students and
sedentary subjects with SCT, respectively. Thiriet et al. (26) reported significantly lower [La]
during consecutive anaerobic exercises in physical education SCT students than in controls.
Recently, Sara et al. (19) took into account the different bias of the above mentioned studies,
and measured [La] in the blood compartments of physical education students with SCT during
incremental exercise and immediate recovery. They found no significant difference in whole
blood, plasma or red blood cell [La] between SCT carriers and control subjects with normal
hemoglobin. Neither the red blood cell / plasma [La] ratio nor the plasma-to-red blood cell
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lactate gradient differed between groups. Lactate distribution in the blood compartments did
not differ between the two groups. These findings suggest that lactate production and/or
clearance is quite similar during exercise in subjects with or without SCT. High [La] during
exercise are associated with acidosis, which may, in turn, trigger sickle cell crisis. The
observation of similar physical aptitude, and similar or lower [La] in trained and untrained
subjects with SCT during incremental (i.e. mainly aerobic) and anaerobic exercises is a key
point to support our hypothesis that SCT should be considered asymptomatic and as a benign
condition during physical activity.

4 - Studies on exercise tolerance in subjects with SCT. The cardiac responses to exercise of
children (1), and of males and females with SCT (8) were similar to those of control subjects.

(1,270 meters) (27), and at moderate inspiratory hypoxia corresponding to simulated altitude
of 2,300 meters (28) were found comparable in healthy, black male basic recruits with SCT,
and in control subjects.

5 - Follow-up of subjects with SCT engaged in official sports activities and military duty.
During two seasons, the football and basket-ball squads of Melrose High School, which
included students with SCT, participated in training programs and in competition, without
apparent disability which could be ascribed to the SCT (7). Similarly, a prospective and
carefully controlled study on the effect of army basic training at an altitude of 1,270 meters on
SCT subjects failed to report any medical problem that could be directly attributed to SCT
(29). Finally, an extensive epidemiological study on the nontraumatic deaths during U.S.
armed forces basic training, 1977-2001, revealed that 26 deaths occurred in recruits with SCT.
Interestingly, these 26 SCT deaths were all exercise-related, and due to congenital mitral
valve disease, exertional heat illness, and idiopathic sudden death (20). One would thus
suggest that none of the recruits with SCT died from a sickle cell crisis, i.e., due to SCT, and
that the occurrence of idiopathic sudden death is inconsistent with the presence of symptoms.

Overall, SCT has to be reconsidered as a single-hemoglobin gene mutation. This means that
subjects with SCT are similar for this gene, but that they may be different for all other
hemoglobin genes. SCT associated with alpha-thalassemia is not similar to SCT alone (22).
Moreover, subjects with SCT may also be different with regard to all their remaining genes.
New technologies in genomics and proteomics are revolutionizing the study of adaptation to
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environmental stress, particularly the adaptation to hypoxia and exercise (23). Of interest are
the recent studies about the gene expression profiles of white blood cells (for the heat shock
proteins) and skeletal muscle tissue in response to exercise and training stimuli, both showing
many interindividual differences (5, 30). Together, these studies could explain some of the
observations -exertional heat illness, training level of recruits…- reported by Scoville et al.
(20). Knowledge on human globin genes and their polymorphism shows that a mutation
happens in a population and spread because of its selective advantage (6). The HbS mutation
occurred in regions of malarious endemicity and appeared to be, per se, asymptomatic and as
a benign condition during physical activity. However, the fitness of this single mutation could
depend on the genetic background of subjects when the mutation arose (6).

to the manuscript preparation.
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Sickle cell trait (SCT, or AS hemoglobinopathy) is the heterozygous form of sickle cell
anemia and is present in over 2.5 million African-Americans. Its prevalence can reach 20-
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40% in some areas of sub-Saharan Africa and 10% in the French West Indies (12). SCT is
usually

considered

a

benign

disorder

compared

with

sickle

cell

anemia

(SS

hemoglobinopathy) (27) and the longevity of SCT carriers seems to be unaffected (2).
However, Kark and Ward (16) underlined that serious morbidity or mortality can result from
complications related to polymerization of deoxy-HbS in SCT. Bergeron et al. (4)
demonstrated that only 45 min of brisk walking at 33°C significantly increased erythrocyte
sickling in SCT carriers when hydration was not sufficient to offset a body weight deficit that
may contribute to the exertional heat illness sometimes reported in SCT (15, 16). Several

rhabdomyolysis, heat stroke or renal failure), or idiopathic sudden death have been described
in SCT carriers (10, 14, 16, 17, 25). Wirthwein et al. (30) recently described three cases of
young black individuals with no significant medical history who died following physical
exertion. In all three cases, postmortem hemoglobin (Hb) electrophoresis demonstrated the
presence of HbS. Kark et al. (15) demonstrated a substantially higher risk of exercise-related
death unexplained by prior disease in Army, Air Force, Navy, and Marine Corps recruits with
SCT from 1977 through 1981. Metabolic or environmental changes such as hypoxia, acidosis,
dehydration, hyperosmolality or hyperthermia may transform silent SCT into a syndrome
resembling sickle cell disease with vaso-occlusive crisis due to an accumulation of low
deformable red blood cells (RBCs) in the microcirculation (16). Although the causal
relationship between SCT and these medical complications has not been directly
demonstrated, these reports have introduced doubts about the medical status of SCT carriers
and led Ajayi (1) to recently propose that SCT has been misclassified as benign and
asymptomatic and should be reclassified as a disease state.
Several studies have reported biological and clinical differences between SCT carriers and
subjects with normal Hb that suggest that SCT carriers should be considered as symptomatic.
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Westerman et al. (29) demonstrated elevated d-dimers, thrombin-antithrombin complexes and
prothrombin fragments 1 and 2 in SCT carriers at rest, indicating that they may be prone to a
hypercoagulable state in resting conditions. In addition, several reports have observed
impaired RBC deformability at rest in this population using either a filtration method, optical
tweezers or a viscometer (5, 6, 23). The low RBC deformability observed in SCT carriers
could be due to membrane disorganization related to abnormal interaction of HbS with the
cell membrane and to dehydration promoted by higher activity of the RBC K+/Clcotransporter and monocarboxylate transporter (MCT-1) (6, 19, 24). Impaired RBC

that ensure adequate delivery of oxygen to tissue (22). Low deformable RBCs cannot pass
through the narrowest capillaries leading to plasma skimming (plasma flow without RBCs)
and tissue ischemia (18). Therefore, SCT carriers are often marked by high blood viscosity in
comparison with subjects with normal Hb (6, 7) that can cause blood flow structuring
disorders in both the micro- and macrocirculation (3) and promote tissue hypoxia (9). These
hemorheological alterations are also thought to explain why SCT carriers may be prone to
asthma (21) and cardiac events (8, 20).
Connes et al. (8) recently demonstrated that SCT carriers with high blood viscosity presented
impaired nocturnal autonomic nervous system activity compared with subjects with normal
Hb. A loss or imbalance of autonomic nervous system activity is a powerful and independent
predictor of adverse prognosis in patients with heart disease, as well as in the general
population (28). Therefore, SCT carriers might be more predisposed to cardiovascular
complications than subjects with normal Hb (8), even though older studies using more
classical methods suggested normal cardiac function in this population at rest and during
exercise (11, 13).
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The fatal events observed in SCT carriers often occur in response to exercise (10, 14-16).
Senturk et al. (26) recently suggested that the often observed hemorheological alterations
induced by exercise in healthy subjects could have deleterious effects on tissue perfusion,
especially during the immediate recovery, because the hemodynamic enhancements of shear
rates are rapidly reversed after the cessation of exercise. Thus, the prolonged hemorheological
changes that persist during recovery increase the risk of exercise-related morbidity-mortality
(26). The picture of blood rheological changes induced by exercise was recently investigated
in SCT carriers in air-conditioned conditions and showed higher blood viscosity and lower

and during a short supramaximal exercise and the subsequent recovery (7). This may
constitute a risk factor for microcirculatory disorders and cardiovascular complications in this
group, especially during the recovery when blood flow returns to baseline value. Although the
SCT carriers were marked by hemorheological alterations, exercise did not magnify the
difference with the control group that already existed at rest because the pattern of
hemorheological changes induced by exercise was exactly the same in the SCT carriers and
control subjects. Therefore, the risk for health complications in SCT carriers in response to
exercise is not really due to the hemorheological changes induced by exercise but rather to the
pre-exercise hemorheological alterations that are amplified during exercise and the immediate
recovery.
These experimental data demonstrate that SCT carriers are marked by biological and clinical
differences in comparison with subjects with normal Hb. Therefore, we do not agree with the
assumption that SCT is asymptomatic. Moreover, the assumption that SCT is a benign
condition should be reconsidered because the biological and clinical characteristics of SCT
carriers could predispose them to harmful events, particularly during and after a strenuous
exercise performed in high temperature without sufficient hydration (16).
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Rebuttal
Le Gallais
Biological differences with subjects with normal hemoglobin (Hb), and data on morbidity and
mortality, led Connes and colleagues to suggest that sickle cell trait (SCT) should be
considered as symptomatic, and not as a benign condition during physical activity.
Several reports have pointed out the occurrence of splenic infarction, heat illness,
rhabdomyolysis, coagulopathy, and finally sudden death in subjects with SCT. Unfortunately,
these reports are anecdotal, and the causal effect of HbS has never been demonstrated (4). An
epidemiological study has reported a substantially higher risk of exercise-related sudden death
unexplained by prior disease in recruits with SCT during the 1977-1981 period (5). However,
this result has been contradicted by a recent study, unbiased and during a longer period, 19772001 (9). Lastly, high blood viscosity, impaired red blood cell deformability, increased
coagulation activity, high plasma levels of adhesion molecules (7), and decrease in heart rate
variability have been reported in subjects with SCT. Together, these risk factors may have
resulted in well-documented cardiovascular deaths in subjects with SCT participating in these
studies. This was not the case, nor it was in the above epidemiological studies, nor in that of
trained athletes throughout the United States during 10 years (6). One would thus suggest that
the risk factors hypothesized in SCT may have been compensated by some advantages, such
as an increase in plasma HDL-cholesterol levels (8), and/or unidentified markers which may
have protected subjects with SCT from cardiac events.
Sudden deaths during exercise remain rare in SCT. It thus appears unjustified to consider all
subjects with SCT at risk for exercise-induced sudden death, and SCT as a disease state. Since
1950, all data on SCT have failed to ascertain a causal relationship between HbS and sudden
death. This means that the single-HbS mutation may be asymptomatic and benign. And that
sudden deaths in SCT may be due, not to HbS mutation, but to other Hb-dependent or
independent associated mutation or coexistent disease, possibly diabetes (1). This hypothesis
now can be tested using new technologies in genomics and proteomics (10). DNA chips may
be used to analyse polymorphisms and mutations which may underlie SCT, and SCT
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individual variations (2). The polymorphism of cardiovascular enzymes (3), the gene
expression in skeletal muscle and white blood cells may provide new insights into the
mechanisms of possible rhabdomyolysis, heat shock, and sudden death reported in SCT
during exercise, and thus, add to the debate.

Rebuttal
Connes
The Point by Le Gallais et al. (8) does not provide clear evidence that sickle cell trait (SCT)
should be considered asymptomatic and as a benign condition during physical activity.
The authors tried to convince us that SCT is not a limiting factor to practice sports activities at
high level. However, as already demonstrated by the same authors more than one decade ago
(6, 7), it is not right for endurance performance. These authors demonstrated that although the
percentage of participation of SCT carriers in the first Abidjan semi-marathon was similar to
the percentage of SCT in the general Ivory Coast population, none SCT carrier (without
alpha-thalassemia) was internationally ranked (7). Moreover, when arguing that SCT carriers
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are not prone to exercise tolerance, Le Gallais et al. (8) do not refer to recent data showing
lower aerobic capacity in that population (2).
Le Gallais et al. (8) also based their argumentation on experimental data collected on lactate
metabolism during exercise showing normal lactic response in SCT carriers. Red blood cells
(RBCs) from SCT carriers are able to uptake lactate more rapidly than RBCs from non
carriers (9). Although this adaptation could constitute an advantage during exercise, higher
RBCs lactate transport activity could be responsible for lower RBCs deformability and
therefore increased risk for blood microcirculation impairment (1).

demonstrate that SCT carriers are not prone to substantially higher risk of exercise-related
sudden death. However, Scoville et al. (10) found 35% of idiopathic sudden death (ISD)
associated with SCT: it is not negligible. Eckart et al. (3) reinforced the analysis conducted by
Scoville et al. (10) and reported 26 deaths in U.S. army recruits with SCT between 1977 and
2001 for a total of 126 nontraumatic sudden deaths related to exercise (3). Of 126 deaths, 44
were classified as ISD and 27% (i.e. 12 subjects) of ISD was associated with SCT. However,
of 44 ISD, 24 occurred in African American recruits. Therefore, 50% of the ISD related to
exercise that occurred in black recruits were associated with SCT. That comforts previous
studies showing high prevalence of SCT in black military basic trainees with exertional
sudden death (4, 5).
In conclusion, it is clear that SCT should not be considered asymptomatic and as a benign
condition during physical activity.

Downloaded from http://jap.physiology.org/ by 10.220.33.5 on November 21, 2017

At least, using the data published by Scoville et al. (10), Le Gallais et al. (8) tried to
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