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Cerebrovascular disease (CVD) is a severe complication associatedwith sickle cell anemia. Abnormal transcranial
Doppler (TCD) identifies some children at high risk, but other markers would be helpful. This cohort study was
aimed at evaluating the effects of genetic biomarkers on the risk of developingCVD in children fromMinasGerais,
Brazil. Clinical and hematological data were retrieved from children's records. Outcomes studied were overt
ischemic stroke and CVD (overt ischemic stroke, transient ischemic attack, abnormal TCD, or abnormal
cerebral angiography). Out of 411 children, 386 (93.9%) had SS genotype, 23 (5.6%) had Sβ0-thal and two had
severe Sβ+-thal (0.5%). Frequency of CVDwas lower in Sβ-thal group (p= 0.05). No effect of VCAM-1 polymor-
phism on stroke or CVD risks was detected. Cumulative incidence of stroke was significantly higher for children
with TNF-α A allele (p = 0.02) and lower for children with HBA deletion (p = 0.02). However, no association
between CVD and TNF-α -308GNA was found. CVD cumulative incidence was significantly lower for children
withHBA deletion (p= 0.004). This study found no association between VCAM1 c.1238GNC and stroke. An asso-
ciation between stroke and TNF-α -308A allele has been suggested. Our results have confirmed the protective
role of HBA deletion against stroke and CVD.

© 2014 Elsevier Inc. All rights reserved.
Introduction

Sickle cell anemia (SCA) is a monogenic disorder caused by a homo-
zygousmutation in theβ-globin gene (HBB:c.20ANT, p.E6V), resulting in
early death and morbidity [1]. Cerebrovascular complications are very
common in patients suffering from SCA. Cerebrovascular disease
(CVD) includes overt stroke, silent infarcts, transient ischemic attack
(TIA), abnormalmagnetic resonance angiography (MRA), and abnormal
transcranial Doppler (TCD). Overt stroke is the most catastrophic of
them and occurs in 11% of patients by the age of twenty [2]. CVD affects
almost one-half of SCA patients by the age of fourteen [3].
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Currently, TCD ultrasonography is the only clinical useful prognostic
tool available to detect increased risk of stroke in children with SCA.
Prophylactic chronic erythrocyte transfusion therapy reduces in 92%
the risk of occurrence of stroke in SCA patients at high risk [4]. The
TCD test is very sensitive but only moderately specific because 60% of
untreated children at high risk of experiencing stroke, as indicated by
TCD, did not experience any episode of stroke [5]; therefore, it would
have been harmful for these subjects to be exposed to the side effects
of chronic transfusion therapy. It has been estimated that to prevent
the occurrence of one stroke, seven children would receive chronic
transfusion therapy [6].Moreover, there are other limitations associated
with TCD screening: stroke can occur in patients showing normal TCD
results [5,7]; there can be relatively large intra-subject variability [8];
access to TCD and chronic transfusion therapymay be limited [9,10], es-
pecially in developing countries [10]; adherence to screening programs
can be a crucial problem [11,12]; family members and physicians may
be reluctant to accept chronic transfusion therapy. Because of these
shortcomings, it is necessary to identify biomarkers that can assess the
risk of developing stroke with high specificity.
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Results obtained using several genetic biomarkers have been re-
ported in literature. However, some of these results are controver-
sial and therefore require adequate validation [13]. For instance,
literature reports indicated that homozygous polymorphic -308G al-
lele (c.-488G; rs1800629) in the promoter region of tumor necrosis
factor alpha (TNF-α) gene is associated with an increased risk of
stroke [14,15]; whereas, another study reported no such association
[16]. Previously, α-globin gene (HBA) deletion has confirmed a pro-
tective effect against stroke and CVD [2,3,16–20], but findings from
two recent studies indicated no such association [21,22]. Previous
evidence has demonstrated that the vascular cell adhesion molecule
1 (VCAM-1) gene coding single-nucleotide polymorphism (SNP)
c.1238GNC (rs3783613) may be protective against stroke in SCA
[23]. However, no further research was done to confirm this finding.
The present study evaluated the influences of TNF-α -308GNA and
VCAM1 c.1238GNC polymorphisms, HBA deletion status, and sickle
cell genotype on the risk of developing CVD in the Minas Gerais
state SCA newborn cohort, Brazil.

Material and methods

Study design

This is a retrospective cohort study involving children with SCA.
Between January 1999 and December 2008, the Newborn Screening
Program diagnosed 1066 children with HbFS profile in the state of
Minas Gerais located at the southeastern part of Brazil. Out of 1066
children, 554 children were scheduled to have their first clinical ap-
pointment in the outpatient care unit of Hemominas Foundation,
which is situated in the state capital Belo Horizonte. Among these 554
children, 49 children died before the study began (March 2011); 32
children were transferred to another outpatient care unit, and one
child was subjected to private practice follow-up. The remaining 472
children were eligible for participation. Enrollment was closed in July
2013. Out of these 472 children, parents of five children did not allow
their children to participate in this study, four childrenwere transferred
to another outpatient care unit after the beginning of the study, four
children died during the study, and 38 children could not be reached
for blood collection during the study program. Eight children with a
double heterozygous mutation for HbS and hereditary persistence of
fetal hemoglobin (HPFH) and two children who were proven to be
Sβ+-thalassemia (Sβ+-thal) positive and who had a steady state
relative concentration of HbA above 7% were also excluded from this
study. Therefore, the study population consisted of 411 children with
genotypes SS, Sβ0-thalassemia (Sβ0-thal) or Sβ+-thal type I (less than
7% of HbA; clinical and hematological features similar to Sβ0-thal
[24]). In a previous study, the prevalence of the Central African Republic,
Benin, Arab-Indian and atypical βS haplotype alleles in 208 of these
children (only those with homozygous βS allele) was 0.57, 0.42, 0.005,
and 0.01, respectively. No association between βS haplotypes and CVD
was detected [25].

The study protocol was approved by the Institutional Review Board.
Written informed consent was obtained from parents or guardian of
every child in accordance with the rule set up by the “Declaration of
Helsinki” guidelines and children's assent was obtained, when
appropriate.

Molecular analysis

Genomic DNA extraction from blood samples was carried out by
using a commercial kit (QIA amp, DNA Blood Mini Kit; Qiagen; Hilden,
Germany). VCAM-1 c.1238GNC (rs3783613) and TNF-α -308GNA (c.-
488GNA; rs1800629) polymorphisms were determined by PCR/RFLP as
described previously [23,26]. Furthermore, at least 5% of the samples
were randomly selected for DNA sequencing to confirm the reproduc-
ibility of PCR/RFLP results. DNA sequencing was done in ABI Prism
3130 Analyzer (Applied Biosystems; Foster City, CA, USA). Presence of
βS allele was confirmed by PCR/RFLP analysis as described previously
[25]. Heterozygous children for βS allele had HBB sequenced to confirm
the presence of Sβ0-thal or Sβ+-thal genotype. Molecular analyses were
performed on children with steady state HbF concentration equal or
greater than 30%, suggesting HbS/HPFH genotype [27]. HPFH 1, 2 and
3 deletions were detected by gap-PCR as described previously [28]. De-
tection of HBA more frequent deletions (−α3.7, −α4.2, −−SEA, −−FIL,
−−MED, −(α)20.5, and −−THAI) was carried out by multiplex gap PCR
as described previously [29]; the primers' annealing temperature was
increased to 62 °C. For further confirmation, 20% of the samples were
retested for HBA deletions to validate the results.

Clinical and hematological data

Clinical and hematological information regarding participants' phe-
notypeswere extracted frommedical records and entered into a specific
database.

TCD velocities were obtained as part of the standard care procedure.
TCD examinations were performed and analyzed by an individual ex-
pert (C.M.S.). The STOP study protocol [4] has been used since 2007,
with pulse TCD and a 2 MHz probe for a full Doppler test (model EME
TC 2000, Nicolet; Madison, WI, USA). Following a standard care proce-
dure, MRA was recommended to children with inadequate TCD, chil-
dren with basilar arterial velocity above 130 cm/s, and children with
anterior cerebral arterial (ACA) velocity above 170 cm/s.

Overt ischemic stroke, which was defined as a neurological deficit
lasting more than 24 h, was diagnosed by a hematologist who was in
charge of the follow-up study, and the diagnosis was done on the
basis of available clinical and imaging results. Intracranial hemorrhage
was not considered in the category of overt stroke. TIA was defined by
the display of neurological signs following vascular disruption that
resolve within 24 h [2]. Abnormal MRA was defined as stenosis or
apparent occlusion of any vessel or arterial tortuosity, and Moyamoya
disease [30]. Cerebrovascular disease (CVD) was defined in the present
study by the occurrence of at least one of the following clinical events:
overt ischemic stroke; abnormal TCD as originally defined by STOP
investigators (the highest time-averaged mean blood-flow velocity
[TAMMX] ≥ 200 cm/s in the middle cerebral artery [MCA] and the
internal carotid artery [ICA]) [4]; two consecutive TCD exams revealing
the TAMMX equal or above 170 cm/s in the anterior cerebral arteries
[31]; abnormal MRA; and history of TIA. Because some subjects had
experienced multiple cerebrovascular events, the first experience was
used for dating the occurrence of the event. For subjects who
hadmultiple TCD exams, the last examwas considered for the definition
and dating. For children undergoing chronic transfusion therapy,
treatment with hydroxyurea, or bone marrow transplantation,
results from the last TCD exam before the initiation of therapy were
considered.

White blood cell (WBC) count was determined using electronic cell
counter (T-890, COULTER; Hialeah). Percentage of HbF was quantified
by radial immunodiffusion (HbF Quiplate; Helena Laboratories; Beau-
mont). Arithmetic mean of WBC count and HbF concentration was cal-
culated for children after they crossed the age of two years and a steady
state value was obtained from these calculations. Values obtained from
tests performed after blood transfusion (up to 90 days) and during sig-
nificant clinical illness (serious infection, acute splenic sequestration,
aplastic crisis) were disregarded. For children undergoing chronic
transfusion therapy, treatment with hydroxyurea, or bone marrow
transplantation, steady state values were determined from the mean
of values registered before the initiation of therapy.

Statistical analysis

Continuous variables were expressed asmean± standard deviation
and nominal variables as percentages. The Kolmogorov–Smirnov
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goodness-fit testwas used to evaluate the normal distribution of contin-
uous variables. For continuous variables that were normally distributed,
the unpaired t-test was used to compare different groups. The nonpara-
metric Mann–Whitney U test was used for continuous variables that
were not normally distributed. Two outcomes were studied in the
present report: 1) Overt ischemic stroke; and 2) CVD. Except in the
overall analyses or when considering sickle cell genotypes, Sβ0-thal
and Sβ+-thal type I childrenwere not included in the statistical analysis
of outcomes because they have less probability to have a stroke event
[2] or CVD (see Results). Univariate associations between outcomes
and covariates (genetic risk factors) were evaluated using two-tailed
chi-square or Fisher's exact test. Statistically significant values were
set at p≤ 0.05. Cumulative incidences of overt stroke or CVDwere esti-
mated by using a Kaplan–Meier method [function (1 − survival)] and
the log rank test was used to compare different subgroups. Birth date
determined entry into the study program. Beginning of chronic transfu-
sion therapy, hydroxyurea treatment, bone marrow transplantation,
death by causes unrelated to outcomes, and last clinical visit (last TCD
or MRA test for CDV) without events until July 2013 (end of study)
were reasons for censored observations. Cox's regression was used to
determine the independent effect of each genetic risk factor. The initial
multivariate model included all covariates potentially associated with
outcomes. The covariates were removed from the model, one by one
through stepwise analysis and the final model included only those
covariates that were statistically significant at p b 0.10. Statistical
analyses were performed with SPSS 17.0 software (SPSS Inc.; Chicago,
IL, USA).
Table 1
Clinical, hematological and genetic characteristics of children with sickle cell disease in Minas

Variables Genotype

SS
n = 386

Sβ0-thal/Sβ+-thal
n = 25

Gender
Male 196 (50.8%) 12 (48%)
Female 190 (48.9%) 13 (52%)

Age (years) 9.63 ± 2.99 8.52 ± 2.03
Outcome

Overt stroke 21 (5.4%) 0 (0%)
Cerebrovascular disease d 61/348 (17.5%) 0/20 (0%)
Overt stroke 19 (5.5%) 0 (0%)
High risk TCD 29 (8.3%) 0 (0%)
TAMMX N170 cm/s in ACA 2 (0.6%) 0 (0%)
Transient ischemic attack 7 (2%) 0 (0%)
Abnormal MRA 4 (1.1%) 0 (0%)

Hematologic variables
WBC (109/L; n = 203) 16.13 ± 3.36 13.86 ± 3.1
Hb F (%; n = 194) 16.25 ± 7.34 19.59 ± 8.15

Genetic status
VCAM1 c.1238GNC

GG 333 (86.3%) 23 (92%)
GC 53 (13.7%) 2 (8%)
CC 0 (0%) 0 (0%)

TNF-α -308GNA
GG 283 (73.3%) 16 (64%)
GA 97 (25.1%) 9 (36%)
AA 6 (1.6%) 0 (0%)

HBA deletion status
αα/αα 281 (72.8%) 18 (72%)
αα/−α3.7 98 (25.4%) 7 (28%)
−α3.7/−α3.7 7 (1.8%) 0 (0%)

a X2.
b Mann–Whitney test.
c Fisher's exact test.
d 43 children did not have any of the clinical neurologic events, but had no valid TCD or MR
e Unpaired t-test.
f GG versus GA/AA.
g αα/αα versus αα/−α3.7 or −α3.7/−α3.7.
Results

Characteristics of subjects

Out of 411 children enrolled in this study, 386 (93.9%) had HbSS
genotype, 23 (5.6%) had Sβ0-thal and two (0.5%) had Sβ+-thal type I
genotype. Children had a mean age of 9.56 ± 2.95 years (range
4.5–14.5 years), and 208 (50.6%) of themweremale. Clinical, hematolog-
ical, and genetic characteristics of the participants are shown in Table 1.
No children with Sβ0-thal/Sβ+-thal had overt stroke or CVD. Frequency
of CVD was significantly lower in children with Sβ0-thal/Sβ+-thal (0/
20) than in SS children (61/348; p = 0.05). Age and steady state WBC
countwere significantly lower for Sβ0-thal/Sβ+-thal group in comparison
to the SS group (p=0.05 and 0.04, respectively). No other differencewas
found between SS and Sβ0-thal/Sβ+-thal groups (Table 1). Mean follow-
upwas 7.67± 2.95 years (range 2.01–14.14 years), which correspond to
3152 patient-years. The overall prevalence of overt stroke was 5.1%
(95% CI 3.0%–7.2%) and the cumulative incidence of overt stroke
by the age of 8.5 years was 6.6% (95% CI 3.9%–9.3%; Fig. 1A). The
overall prevalence of CVD was 16.6% (95% CI 13.0%–20.6%) and the
cumulative incidence of CVD by the age of 11.5 years was 32.7%
(95% CI 22.7%–42.7%; Fig. 1B).

Genotyping results

Analysis of HBA deletions showed that 299 children (72.7%) were
αα/αα, 105 (25.5%) αα/−α3.7 and seven (1.7%) −α3.7/−α3 .7. This
Gerais, Brazil.

Total
n = 411

p value Odds ratio 95% CI

208 (50.6%) 0.78a 1.11 0.49–2.51
203 (49.4%)
9.56 ± 2.95 0.05b

21 (5.1%) 0.63c 0.94 0.91–0.96
61/368 (16.6%) 0.05c 0.93 0.90–0.96
19 (5.2%)
29 (7.9%)
2 (0.5%)
7 (1.9%)
4 (1.1%)

16.03 ± 3.37 0.048e

16.41 ± 4.38 0.19e

356 (86,6%) 0.55c 0.55 0.13–2.38
55 (13.4%)
0 (0%)

299 (72.7%) 0.35c,f 1.54 0.66–3.6
106 (25,8%)
6 (1.5%)

299 (72.7%) 1.00c,g 1.04 0.42–2.56
105 (25.5%)
7 (1.7%)

A data to be classified as having or not having a cerebrovascular disease.



Fig. 1. Cumulative incidence of cerebrovascular complications. (A) Cumulative incidence of overt stroke. (B) Cumulative incidence of cerebrovascular disease (overt stroke, transient
ischemic attack, abnormal TCD, or abnormal cerebral angiography). Function: (1 − survival), according to the Kaplan–Meier method.
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means only −α3.7 deletion was detected. As far as TNF-α gene poly-
morphism (-308GNA) was concerned, 299 (72.7%) children had GG,
106 (25.8%) had GA, and six (1.5%) had AA genotypes. For VCAM1
gene polymorphism (c.1238GNC), 356 (86.6%) children had GG geno-
type and 55 (13.4%) had GC (Table 1).

Among childrenwith Sβ0-thal (n= 23), 10 children (43.5%) had the
nonsense codon39 (CNT)mutation, nine had (39.1%) IVS-I-1 (GNA)mu-
tation, three had (13%) IVS-II-1 (GNA) mutation, and one child had
(4.4%) IVS-I-2 (TNC) mutation. One child with Sβ+-thal type I had the
mutation IVS-1-110 (GNA) and the other one had the IVS-I-5 (GNA).
Six (75%) children with S/HPFH genotype had the deletion type 2 and
two (25%), had type 1.

Genetic risk factors for overt stroke in children with HbSS genotype

The prevalence of overt stroke was 3.9% (11/283) for children who
had TNF-α GG genotype. It was 9.7% (10/103) for those with GA or AA
genotypes. The cumulative incidence of overt stroke was significantly
higher for children with TNF-α GA or AA genotypes compared to chil-
dren with GG genotype (p = 0.02; Fig. 2A). The prevalence of overt
Fig. 2. Cumulative incidence of cerebrovascular complications according to genotype. (A) Cumu
type. The cumulative incidence for the GG group was 5.3% (SE 1.6%) while that for the GA or AA
with HbSS according to alpha-thalassemia genotype. The cumulative incidence for the αα/α
(SE 1.4%; p= 0.02; only one −α3.7/αα child had a stroke). Function: (1 − survival), accordin
stroke was 7.1% (20/281) for children without HBA deletion (αα/αα).
It was 1% (1/105) for those with one or two−α3.7 deletions. The cumu-
lative incidence of overt strokewas significantly lower for childrenwith
HBA deletion compared to no deletions (p= 0.02; Fig. 2B). The cumula-
tive incidences of overt stroke for VCAM1 GG and GC genotype groups
were not significantly different (p = 0.49). The final multivariate
model for predicting risk of overt stroke incidence included TNF-α -
308GNA polymorphism and HBA deletion status. The relative risk of
overt stroke for children with αα/αα genotype was about 7 times
higher (95% CI 0.97–53.9) than for those with −α3.7 deletions. It was
2.5 times higher for children with GA or AA than for those with GG at
TNF-α -308GNA polymorphic site (95% CI 1.07–5.91; Table 2).

Genetic risk factors for CVD in children with HbSS genotype

The prevalence of CVD was 17.5% (45/257) for children who had
TNF-αGG genotype. It was 17.6% (16/91) for thosewith GA or AA geno-
types. Accordingly, the cumulative incidences of CVD were similar for
both groups (p = 0.7). The prevalence of CVD for children with the
VCAM1 GG genotype was 17.3% (52/301). It was 19.1% (9/47) for
lative incidence of overt stroke in children with HbSS according to TNF-α -308GNA geno-
group was 11.7% (SE 3.5%; p= 0.02). (B) Cumulative incidence of overt stroke in children
α group was 9.1% (SE 2%) while that for the −α3.7/αα or −α3.7/−α3.7 group was 1.4%
g to the Kaplan–Meier method.

image of Fig.�2


Table 2
Multivariate Cox's regression analyses to predict overt stroke in children with sickle cell
anemia in Minas Gerais, Brazil.

Variables Relative risk 95% confidence interval p value

Model 1: All covariates
VCAM1 c.1238GNC genotype 1.67a 0.56–4.96 0.35
TNF-α -308GNA genotype 2.52b 1.07–5.93 0.03
HBA deletion status 7.47c 1.0–55.86 0.05

Final model: Only covariates with p b 0.1
TNF-α G308A genotype 2.5b 1.07–5.91 0.03
HBA deletion status 7.23c 0.97–53.95 0.05

a GG to GC relative risk for overt stroke.
b GA or AA to GG relative risk for overt stroke.
c αα/αα to αα/−α3.7 or −α3.7/−α3.7 relative risk for overt stroke.

Table 3
Multivariate Cox's regression analyses to predict cerebrovascular disease in children with
sickle cell anemia in Minas Gerais, Brazil.

Variables Relative risk 95% confidence interval p value

Model 1: All covariates
VCAM1 c.1238GNC genotype 1.24a 0.61–2.53 0.55
TNF-α -308GNA genotype 1.05b 0.59–1.86 0.87
HBA deletion status 3.04c 1.38–6.69 0.006

Final model: Only covariates with p b 0.1
HBA deletion status 3.00c 1.37–6.59 0.006

a GG to GC relative risk for cerebrovascular disease.
b GA or AA to GG relative risk for cerebrovascular disease.
c αα/αα to αα/−α3.7 or−α3.7/−α3.7 relative risk for cerebrovascular disease.
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those with the GC genotype. Corresponding cumulative incidences of
CVD were not significantly different (p = 0.73). The prevalence of
CVD was 21.3% (54/253) for children without HBA deletion (αα/αα).
Itwas 7.4% (7/95) for thosewith one or two−α3.7 deletions. The cumu-
lative incidence of CVDwas significantly lower for children with one or
two HBA deletions (p = 0.004; Fig. 3). The final multivariate model for
predicting the risk of developing CVD included the HBA deletion status
only. The risk of developing CVD in children with one or two −α3.7

hybrid genes was 3 times lower than those with no HBA deletions
(95% CI: 1.4–6.6) (Table 3).

Discussion

We have studied the effect of genetic risk factors that have previ-
ously been associated with stroke in children with SCA. Our results
suggested no association between VCAM1 c.1238GNC polymor-
phism and overt stroke or CVD. Previously published results sug-
gested the association of minor allele C with a lower risk of stroke
[23]. Nonsynonymous c.1238GNC SNP leads to a conservative amino
acid change (GlyNAla) at the 413th position in the immunoglobulin
domain 5 of VCAM1 molecule. This molecule has a large surface of
interaction with the corresponding receptor, and thus, the weakly
interacting methyl group added by substitution of glycine with alanine
would not interfere with the proper function of the protein; therefore,
the variant 413A may remain fully functional. Bioinformatic analyses
using MutPred and PolyPhen2 algorithms also suggested that protein
functionwould not be harmed, thereby providing support to our results
Fig. 3. Cumulative incidence of cerebrovascular disease in childrenwith HbSS according to
alpha-thalassemia genotype. The cumulative incidence for the αα/αα group was 40.2%
(SE 6.2%) and that for the −α3.7/αα group was 13.7% (SE 5.0%); no child with the
−α3.7/−α3.7genotype had cerebrovascular disease (linear trend p = 0.004). Function:
(1− survival), according to the Kaplan–Meier method.
[32,33]. Furthermore, the 413AVCAM-1 variant showed neither any po-
tential difference in protein isoform levels nor any impairment of
in vitro cell–cell adhesion function [34].

This is the second study to assess the effect of VCAM1 c.1238GNC
polymorphism on the risk of stroke in children with SCA. Additional
studies in different populations will be needed to confirm our findings.

The present study demonstrated that -308GNA polymorphism of the
TNF-α gene was significantly associated with overt stroke, but not with
CVD. Children with allele A had a 2.5-fold increased risk of getting overt
stroke, thereby indicating a modest effect of this allele on susceptibility
to overt stroke. Reports on TNF-α -308GNA polymorphism and the risk
of stroke in SCA subjects have been controversial. Some results showed
an association of G allele with higher risk of stroke [14,15], while other
studies reported no such association [16,35]. Another study failed to
find an association between TNF-α -308GNA polymorphism and MRA/
MRI abnormalities in adults [36].

The present study is the first one to report an association
between −308A allele and overt stroke. Subjects with sickle cell
anemia have higher concentration of TNF-α than controls with HbAA
[37,38]. Theminor allele A has been associatedwith higher rate of tran-
scription of TNF-α gene [39], and higher cytokine levels in Brazilian
children with SCA [40]. Based on current knowledge about pathophys-
iology of stroke in SCA [41], consequences secondary to high production
of this pro-inflammatory cytokine such as stimulation of inflammation,
activation of endothelial cells, activation of WBC [42], and induction of
the coagulation cascade [43], would be consistent with an increased
risk of stroke. TNF-α has been used to induce vaso-occlusion in sickle
cell mice [44], adding further support to the biological plausibility of
our findings. High levels of TNF-α have been associated with severe
clinical manifestations in patients with SCA [38,45,46], and allele A
was associatedwith higher risk of acquiring acute splenic sequestration
[40]. Discrepancies in some previously published results may be due to
differences in method design, outcome definition, and population
variability. An intriguing observation derived from the present study
was the lack of association between TNF-α -308GNA SNP and CDV.
This implies that allele A would produce some phenotypic modification
that increases the risk of stroke, the last stage of CVD, but not the risk of
previous stages, such as TCD abnormalities. It is possible that allele A
plays a role in the end-stage vasculopathy in these children but it is dif-
ficult to understand pathophysiologically the lack of association
between the SNP and CVA. This lack of association may indicate a true
negative result and the association between TNF-α -308GNA polymor-
phism and overt stroke may be regarded more probably as a false
positive result. Further studies are needed to understand the real influ-
ence of TNF-α -308GNA SNP on the risk of developing CVD.

As previously described by us and other researchers, HBA deletion
was significantly associated with a decreased risk of overt stroke
[2,16,18,35,47] and CVD [3,17,19,20,48]. Children without HBA deletion
had a 7-fold increased risk of overt stroke and a 3-fold increased risk of
CVD. Absence of this association found in recently published studies
probably occurs due to lack of power to detect a difference [22], or
due to a selection bias [21]. It is interesting to note that both cited
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reports showed a trend toward a protective association of HBA deletion
on CVD prevalence. In our experience, a high reticulocyte count was an
independent risk factor for CVD in the multivariate analysis [49].
Reduction of reticulocyte count caused by HBA deletion [20] may be
crucial to protect children from overt stroke and CVD. Prioritization of
childrenwithoutHBA deletions for scheduling TCD tests can be a poten-
tial useful tool for designing clinical protocols.

Our results showed that Sβ0-thal/severe Sβ+-thal genotypes were
significantly associated with a decreased risk of CDV. Although no
child with those genotypes had an overt stroke, the prevalence differ-
ence in SS children was not statistically significant probably because
the number of Sβ0-thal/Sβ+-thal cases and that of overt stroke events
were both too small. A number of studies related to stroke risk factors
have grouped together subjects with SS and Sβ0-thal genotypes
[3,17,21,50]. Although similar in other clinical aspects [51], the risk of
stroke and CVD may be actually different as suggested by the present
study and by other investigators [2]. As mentioned before for the HBA
deletion status, sickle cell genotype is a potential marker to prioritize
children for TCD and imaging exams, but prospective studies are needed
to support TCD protocol recommendations based on genotypes.

One limitation of the present studywas the use ofmedicalfiles as the
source of retrospective data, even though these records were generated
for clinical follow-up and not for research. Although the final sample for
this study (n = 411) represents 89.2% of the corresponding total
population followed-up at Belo Horizonte Blood Center (n = 472), 38
children could not be reached during the study period and may repre-
sent milder forms of sickle cell disease. Similarly, 43 children with no
TCD or MRA testing may also represent a milder form of the disease.
So the actual prevalence of CVD might have been overestimated in the
present study and may have incorporated biasness in evaluating the
genetic risk factors associated with CVD and stroke.

Conclusions

In summary, this cohort study was the first to contradict previously
reported association between VCAM1 c.1238GNC polymorphism and
stroke in children with SCA. Furthermore, an association between
TNF-α −308A allele and overt stroke, but not CVD, has been found.
Also, our results have confirmed the protective role of the HBA deletion
status against stroke and cerebrovascular disease. Our findings suggest
that children with Sβ0-thal/severe Sβ+-thal genotype have a less risk
of developing cerebrovascular disease than children with SS genotype.
Because CVD is associated with significant morbidity in children with
sickle cell disease, and since TCD screening has some recognized limita-
tions in assigning risk for CVD, additional prospective studies are need-
ed to refine CVD risk stratification in children with sickle cell disease.
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