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ARTICLE INFO ABSTRACT

Editor: Mohandas Narla Pain is a hallmark of Sickle Cell Disease (SCD) affecting patients throughout their life; the first pain crisis may
occur at any age and is often the first presentation of the disease. Universal newborn screening identifies children

Keywords: with SCD at birth, significantly improving morbidity and mortality. Without early screening, diagnosis is

Sickle cell disease
Pain crisis
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Complications

generally made after disease manifestations appear. The Consortium for the Advancement of Sickle Cell Research
(CASiRe) is an international collaborative group evaluating the clinical severity of subjects with SCD using a
validated questionnaire and medical chart review, standardized across 4 countries (United States, United
Kingdom, Italy and Ghana). We investigated the age of first pain crisis in 555 sickle cell subjects, 344 adults and
211 children. Median age of the first crisis in the whole group was 4 years old, 5 years old among adults and 2
years old among children. Patients from the United States generally reported the first crisis earlier than Gha-
naians. Experiencing the first pain crisis early in life correlated with the genotype and disease severity. Early
recognition of the first pain crisis could be useful to guide counseling and management of the disease.

hemoglobin polymerization in the case of deoxygenation, with subse-

quent sickling of red blood cells. The mutation may be inherited as

Sickle Cell Disease (SCD) is a group of inherited blood disorders heterozygous trait, homozygous (SS genotype), or compound hetero-
characterized by a single nucleotide mutation in the beta globin gene zygote combined with another beta globin defect (Sickle Beta Thalas-
(Glu6Val) resulting in the predominance of Hemoglobin S; this causes semia Zero or Plus: S/Beta0, S/Beta-; SC genotypes), contributing to the
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broad spectrum of disease severity.

Genotypes SS and S/Beta0 are generally more severe than S/Beta+
and SC [1], but the genotype alone is not predictive of the clinical
course. Several studies attempted to find models or scores to predict
disease severity; vaso-occlusive complications and pain are among the
most studied factors. Platt et al. [2] showed that, in 3578 subjects within
the Cooperative Study of Sickle Cell Disease (CSSCD), adults experi-
encing more pain crises per year had higher risk of dying earlier. Miller
and colleagues, for the CSSCD, showed children who experienced epi-
sodes of dactylitis in the first year of life were more likely to have
adverse outcomes later in childhood including stroke, frequent pain,
recurrent acute chest syndrome (ACS) and death [3]. This finding has
not been confirmed in other cohorts. For example, in the Dallas Newborn
Cohort, dactylitis in young children was not associated with increased
mortality or stroke, but to early hospitalization for pain within the first
3 years of life [4].

Early diagnosis of SCD is critical for early anticipatory guidance for
disease management and to initiate preventive strategies against infec-
tious disease; understanding the possible clinical course based on the
early manifestations of the disease could help alleviate potential future
complications. In high-resource countries, increasing efforts to imple-
ment universal newborn screening for SCD correlated with reduced
morbidity and mortality during the first 20 years of life due to pro-
phylactic interventions started soon after birth [5,6]. In developing
countries, like sub-Saharan Africa and central India, where the preva-
lence of the disease is higher, only pilot newborn screening programs
have been implemented, largely due to costs and logistics [7]. Therefore,
up to 85% of children with SS disease in Subsaharan Africa are thought
not to survive after 5 years of age and many of them die undiagnosed
[8,28]. Thus, more needs to be done for developing countries to inves-
tigate the early presentation of SCD that will aid in the diagnosis and
treatment.

This study describes the age of first pain crisis within an international
cohort of patients and analyzed its value as a predictor of SCD compli-
cations and need for disease modifying therapy.

The Consortium for the Advancement of Sickle Cell Research
(CASiRe) is an international multi-institutional collaborative group
evaluating the clinical severity of adults and children with SCD across
four countries (United States, United Kingdom, Italy and Ghana) using a
validated questionnaire and medical charts review; data were abstracted
from IRB approved registry in the UK and in Padova. The United
Kingdom could not be included in this analysis as the age of first pain
crisis had not been collected. Data were collected from 2011 to 2017
with IRB approval from each participating site as reported previously
[9,10]1.

Painful episodes of extremities, bones, chest and abdomen not
explained by any other known cause were registered as pain crises. In-
formation regarding the age of first pain crisis, total number of painful
events in the preceding 12 months, including home only, Day Hospital/
Emergency Room (ER) visit, or Hospitalization were included. Patients
were grouped according to the age of the first pain crisis: younger than 1
year, 1 to 2 years, 2 to 5 years, 5 to 10 years, and older than 10 years.

SCD complications (stroke, renal disease, ACS, priapism, gallbladder
disease, leg ulcers, pulmonary hypertension, asthma and splenic
sequestration) were registered if clinically diagnosed according to the
local and international guidelines [11-14], and confirmed by the
reporting investigator. Additional clinical data included patients on
chronic blood transfusion and hydroxyurea, as well as main laboratory
parameters available at the time of enrollment. For subgroup analyses,
SS and S/Beta0 genotypes and SC and S/Beta+ genotypes were classified
as two separate groups.
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2.1. Statistics

Data was analyzed using SPSS 25.0 (IBM SPSS Statistics for Win-
dows, Version 25.0). Continuous variables were expressed as means and
standard deviations (SD) if normally distributed, and as medians and
interquartile range (IQR) when not normally distributed; comparisons
were made using t-test and Mann-Whitney U test. Categorical variables
were expressed as frequencies and percentages, and groups were
compared using Chi-square analysis and Fisher’s Exact test. Significance
was set at p<0.05.

3.1. Study subjects

Among the 700 patients that were enrolled in US, Ghana and Italy,
data regarding age of first pain crisis were evaluable in 555 patients.
Demographics and clinical characteristics are reported in Table 1. More
information about geographic origin of patients and genotype distribu-
tion in the participating countries are detailed in Campbell et al. [9]

3.2. Age of first pain crisis

Median age of reported first pain crisis in the whole group was 4
years (IQR 7.00), earlier than 2 in 40.9% of patients (Table 2); in females

Baseline characteristics of study subjects.

Variables Whole group Adult Pediatric p value®
(n=555) group group
(n=344) (n=211)
Age, years, mean£SD  22.4+13.7 30.2+11.3 9.6 + 4.4
Range 0.5-69.2 18.0-69.2 0.5-17.8
Gender
Females, n (%) 309 (55.7) 197 (57.3) 112 (53.1) ns
Males, n (%) 246 (44.3) 147 (42.7) 99 (46.9) ns
Genotype
SS, n (%) 391 (70.5) 248 (72.1) 143 (67.8) ns
S/Beta0, n (%) 17 (3.1) 11 (3.2) 6 (2.8) ns
S/Beta+, n (%) 21 (3.8) 12 (3.5) 9(4.3) ns
SC, n (%) 126 (22.7) 73 (21.2) 53 (25.1) ns
Countries
US, n (%) 209 (37.7) 97 (28.2) 112 (53.1) <0.00001
Ghana, n (%) 328 (59.1) 239 (69.5) 89 (42.2) <0.00001
Italy, n (%) 18 (3.2) 8(2.3) 10 (4.7) ns
Hematology
Hb, g/dl, mean+SD 9.0 +2.9 8.9 +2.9 9.1+2.8 ns
WBC, cells x 103/pl 11.0 £ 5.9 10.7+ 5.3 11.4+ 6.6 ns
PLT, cells x 103/pl 365.4+186.3 373.7 350.0 + ns
+177.8 191.0
Medical history
Stroke, n (%) 28/549 (5.1) 17/341 11/208 ns
(5.0) (5.3)
Acute chest 168/539 97/333 71/206 ns
syndrome, n (%) (30.3) (29.1) (34.5)
Splenic 45/529 (8.5) 20/318 25/211 0.025
sequestration, n (6.3) (12.3)
(%)
Priapism, n (%) 42/246 34/147 8/99 (8.1) 0.002
17.1) (23.1)
Gallstones, n (%) 89/506(17.6)  67/302 22/204 0.0009
(22.2) (10.8)
Cholecystectomy, n 81/507 60/304 21/203 0.0046
(%) (16.0) (19.7) (10.3)
Chronic transfusion, 44/555 (7.9) 26/344 18/211 ns
n (%) (7.6) (8.5)
On HU, n (%) 120/555 53/344 67/211 <0.00001
(21.6) (15.4) (31.7)

2 Adults vs peds.
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Categorized age of 1st pain crisis.
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Whole group n=555 Adult group n=344 Pediatric group n=211 p value®
n Cumulative % n Cumulative % n Cumulative %
(%) (%) (%)

Age of 1st PC <1yo 152 27.4 75 21.8 77 36.5 0.000
(27.4) (21.8) (36.5)

Age of 1st PC 1-2 yo 75 40.9 36 32.3 39 55.0 0.000
(13.5) (10.5) (18.5)

Age of 1st PC 2-5 yo 116 61.8 67 51.7 49 78.2 0.017
(20.9) (19.5) (23.2)

Age of 1st PC 5-10 yo 117 82.9 81 75.3 36 95.3 0.024
(21.1) (23.5) 17.1)

Age of 1st PC >10yo 95 100.0 85 100.0 10 100.0 0.000
17.1) (24.7) 4.7)

PC=Pain Crisis.
2 (adult vs pediatric).

the median age was 4 (IQR 7.0) and in males 3.2 (IQR 7.0), p = 0.98.

Among the adults, the median age of reported first pain crisis was 5
years (IQR 8), with 32.3% before the age of 2; in the pediatric group, the
median age was 2 years (IQR 4), earlier than 2 in 55%, and earlier than 1
in 36.5% of patients (p<0.0001 comparing adults and children’s age of
first pain crisis, both means and categories) (Table 2).

The difference in the age of first pain crisis between children and
adults was maintained even after analyzing the three countries sepa-
rately. In pediatric patients, the first pain crisis was reported in the first

2 years of life by 72.33% of children in the US but only 39.33% in Ghana
(Fig. 1A-B). Among the adults, the first pain episode occurred by the
first 2 years in 56.71% of patients in the US and 23.43% of adults in
Ghana (Fig. 1C-D). In Italy, no patients in either the pediatric or adult
group reported the first painful event before age 1 year (see Supple-
mental Figure).

Patients with SS or S/Beta0 genotype experienced their first PC
generally earlier than those with SC or S/Beta+ genotypes, and within
each genotype and age subgroup in US the median age reported was

A Age of 1% Pain Crisis in Children(<18 y/o): US
N=112

Percent

Age of 1% Ageof1*  Ageof1*
PC1-2ylo PC25ylo PC 5-10ylo

Categorized Age of 1%t Pain Crisis

2.68%

Age of 1*
PC<1ylo

Age of 1%
PC>10ylo

Percent

B Age of 1% Pain Crisis in Children(<18 y/o): Ghana
N=89

I
7.87%
(I

Age of 1*
PC >10ylo

Age of 1*
PC 2-5ylo

Ageof 1**  Age of 1*
PC<1ylo PC1-2ylo

Age of 1*
PC 5-10ylo

Categorized Age of 1% Pain Crisis

C Age of 1%t Pain Crisis in Adult(>18y/o): US
N=97

Percent

T
1031%

I 11.30% ‘

Age of 1%t
PC<1ylo

Age of 1%t Age of 1%t Age of 1%t
PC1-2ylo PC25ylo PC 5-10y/o

Categorized Age of 1% Pain Crisis

Age of 1%t
PC >10ylo

Percent

D Age of 1% Pain Crisis in Adult( >18 y/o): Ghana
N=239

1 28.87% I

Age of 13t
PC 1-2ylo

Age of 13t
PC <1ylo

Age of 15t
PC 2-5ylo

Age of 1t
PC 5-10ylo

Categorized Age of 1% Pain Crisis

Age of 1%t
PC >10 y/o

Age of first pain crisis per country: A: categorized age in children in US; B: categorized age in adults in the US; C: categorized age in children in Ghana; D:

categorized age in adults in Ghana.
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earlier than in Ghana, apart from children with genotype SC or S/Beta+,
for whom the age at presentation was similar between US and Ghana
(Fig. 2).

3.3. Age of first pain crisis, pain burden and health resources utilization

For the entire cohort, patients who presented with their first pain
crisis before 1 year of age reported more pain crises requiring hospi-
talizations per year in children (median 1 vs 0, p=0.023) and adults
(median 1 vs 0, p=0.004) in the 12 months preceding the enrollment. No
significant difference in total number of pain crises and those requiring
ED visit was noted in either children or adults. Among children with the
SS or S/Beta genotypes, those who experienced the first pain crisis
before 1 year reported more painful episodes per year (median 4 and 2
respectively, p: 0.010), and more hospitalizations/year (median 1 vs 0,
p=0.019), compared to those who presented the first crisis later. No
correlation with pain burden and early pain presentation was noted in
the pediatric SC and S/Beta+ genotype group, nor in adults analyzed by
either genotype or country.

In the US cohort, pediatric SCD patients (all genotypes) who reported
pain crisis before 1 year old reported more pain crises per year (median 4
vs 2, p=0.046) compared to those with later presentation of pain. In
patients with the SS and S/Beta0 genotype, those who reported pain
before 1 year old experienced a higher number of pain crises per year
(median 4 vs 2, p=0.016). US patients with SC and S/Beta+ did not show
any correlation between age of first pain crisis <1 year old and pain
burden. In the Ghanaian children, there was no association between age
of first pain crisis and pain burden regardless of genotypes.

3.4. Age of first pain crisis and transfusion requirement

No Ghanaian patients were on chronic transfusions. In the US both
children and adults who experienced earlier pain crisis were more likely
to be placed on chronic transfusions (in children the median age of first
pain crisis in those on transfusions at the time of enrollment was 0.54
years old, IQR 0.85, versus 2, IQR 3.1, in those not transfused (p=0.023);
among adults, median ages were 2, IQR 3.7, in those on chronic trans-
fusions, versus 5, IQR 8 (p=0.014), in those who were not). The same
association was found among children with the SS and S/Beta0 genotype
group in the US (median age 0.5, IQR 0.5, versus 1.37, IQR 1.63,
p=0.025), but not in adults. The primary reasons for starting trans-
fusions were primary and secondary stroke prevention (n=11) and
chronic pain (n=7), recurrent priapism (n=1), recurrent ACS (n=1), pre-
BMT (n=1), splenic sequestration (n=1), symptomatic anemia (n=1),

Median Age of 1*t Pain Crisis: Categorized

by Genotypes and Age MChana
Genotype(SS or SBeta Thal Zero) Genotype(SC or SBeta Thal Plus) Bus
10,00 US: SS/SbetaThal Zero:

*0.0027 Child: N=85 Adults: N=77

n

B US: SC/SBetaThal Plus:

R Child: N=27Adults:N=20

P4 *<0.001

® Ghana: S5/ShetaThal Zero:

o Child: N=58 Adults: N=175

600

- *0.496 Ghana: SC/SBetaThal Plus

: - Child: N=31 Adults: N=64

S <0.001

<

s

-}

e 5.00]

=

200 <.00]
00 -
Children Adult Children Adult
(<18y/o) (>18y/0) (<18y/o) (218y/o)

Age Categorization Adult/Child

Median Age of first pain crisis in Children and Adults in the US and
Ghana according to genotypes; *p value <0.05 significant.
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thromboembolism (n=1).
3.5. Age of first pain crisis and hydroxyurea therapy

Children reporting their first crisis before 1 year were more likely to
be on hydroxyurea compared to others (median age 1, IQR 1.3, vs 3, IQR
4.4,p=0.001) at the time of enrollment. Limited to the U.S. children who
had their first crisis before 1 year old, 32/54 (59.3%) were taking hy-
droxyurea compared to 20/57 (35.1%) of those who did not (p-value
0.010). Those taking hydroxyurea at the time of data collection had their
first crisis at mean age 1.72 years old (median 1), those not on hy-
droxyurea at mean 2.57 years old, (median 2), p=0.024. In the US the
main reason for starting HU in those who had a crisis before age 1 was
refractory pain (19/32) and recurrent ACS (14/32), and both in 6 pa-
tients. Only two Ghanaian patients were on hydroxyurea. There was no
correlation with age of first pain crisis and hydroxyurea therapy in
adults.

3.6. Age of first pain crisis and sickle cell related complications

Eleven pediatric patients were reported to have had a stroke; all
strokes were in the US group, occurring in 9/55 patients who reported
their first pain crisis earlier than 1 year (median age 0.54 years) and in
2/57 of those having their first crisis after 1 year (p=0.022). Ten strokes
were in the SS and S/Beta0 subgroup, with 8/62 (12.9%) of those who
had the first crisis earlier than 1 year and 2/83 (2.4%) of those who had
a first crisis after 1 year (p=0.013). Only 1 patient within the “SC and S/
Beta+ genotype” group had a stroke, and, in that patient (SC genotype),
the first pain crisis had occurred at 0.5 years old and stroke at 15 years
old. No correlation was found with stroke in adults.

The statistically significant associations between the age of first pain
crisis earlier than 1 year and SCD related complications in pediatric and
adult patients are presented in Table 3.

3.7. Age of first pain crisis and laboratory parameters

Children (p=0.012) and adults (p=0.007) with SS and S/Beta0 ge-
notypes who had their first pain crisis before 1 year old had lower MCV
at the time of enrollment compared to those in the same genotype group
who presented with the first pain crisis later. Adults who reported their
first pain crisis before 1 year old had a higher LDH (p=0.022) in

Clinical correlation with age of first Pain Crisis (PC) <1 year/old; * p value
<0.05 is significant. Correlations were analyzed for all the sickle cell related
complications listed in Methods; only the statistically significant outcomes were
reported.

Clinical outcome Age of 1st PC >1 Age of 1st PC P

y/0: N (%) <ly/o value
N (%)
Pediatric group
Genotype: SS and S-BetaO
History of stroke No: 81 (97.6) 54 (87.1) *0.019
(N=145) Yes:  2(2.4) 8(12.9)
History of gallstones No: 75 (90.4) 46 (76.7) *0.034
(N=143) Yes: 8(9.6) 14 (23.3)
Adult group
Genotype: SS and S-Beta0
History ACS (N=252) No: 31 (55.4) 144 (73.5) *0.013
Yes: 25 (44.6) 52 (26.5)
History of gallstones No: 32(62.7) 145 (79.7) *0.016
(N=233) Yes: 19 (37.3) 37 (20.3)
History of No: 33 (66.0) 150 (81.5) *0.032
cholecystectomy Yes: 17 (34.0) 34 (18.5)
(N=234)
Genotype SC and SBeta+
History ACS (N=81) No: 52 (82.6) 9 (50) *0.004
Yes 11 (17.4) 9 (50)
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comparison to subjects who experienced their first pain crisis later.
Children with SC and S/Beta+ genotype who had the first crisis earlier
than 1 year old had lower platelets at the time of enrollment (p=0.019).

This cross-sectional multicenter study provided a wide overview on
the age distribution of the first pain crisis in SCD in adults and children
with both severe and mild genotypes across different countries; it also
investigated the association of this event with the disease course.
Globally, whatever the patient’s age, country or genotype, by the fifth
year of life more than half of patients have already experienced the first
pain crisis. However, the data change slightly according to the above-
mentioned variables, as discussed below.

Our study reported the age of first pain crisis earlier in children than
adults. This could be a result of the study design, as parents of patients
are more likely to remember such events than adult patients. However,
discrepancies emerge when comparing countries; in the US, both adults
and children experienced their first pain crisis earlier than in Ghana.
Lower disease awareness in spite of the higher prevalence of SCD and
sickle trait in Africa may contribute to diagnostic delay and older age of
first pain crisis [15,16]. Disease awareness, however, cannot fully
explain the outcome, even in the US, which has a robust universal
neonatal screening program [17,18]. Environmental factors, such as
climate and air pollution, diet and nutritional status could influence
frequency and severity of pain and explain the differential reporting
between the countries [18,19] [20].

Our data show that age of first pain crisis categorization in Ghana
appears randomly distributed, contrasting with the linearly decreasing
trend observed in the US, suggesting the possible role of neonatal
screening. Universal newborn screening programs identify children with
SCD at risk of pneumococcal disease in order to start penicillin pro-
phylaxis and immunizations; by recognizing patients at birth, more
intensive follow up and potential introduction of hydroxyurea has been
shown to lower disease burden and reduce complications [21,22].
Where newborn screening is not routinely performed, diagnosis occurs
after one or more symptoms, with pain often the earliest to appear
[23,24]. Various studies from other countries reported the age at diag-
nosis but did not provide details regarding age of first pain crisis
[25,26]. Our data on age of first pain crisis in US patients is consistent
with age of first pain crisis in a French newborn cohort study [24]
(median: 12 months of age versus 12.8 months), considerably sooner
than a Nigerian study reported by Chukwu (median 24 months) [26],
suggesting a critical role for newborn screening, which is available in the
US and France, but not Nigeria.

Genotype has previously been shown to predict age of first pain
crisis, correlating with both disease severity and treatment with trans-
fusion and hydroxyurea. Our data confirm the association between an
early onset of the first pain crisis and increased pain burden and disease
related complications. However, it is important to note the change in
treatment paradigm that occurred over the last several years, as clinician
choice to start hydroxurea therapy is influenced by the current recom-
mendation in favor of offering hydroxyurea to all young SS/SBeta0
patients regardless of disease severity [11], including in Africa, where
our Ghanaian colleagues report well over 600 patients on hydroxyurea,
representing over 10% of their patients (personal communication, Dr. C.
Segbefia).

The onset of pain has already been studied as a predictor of disease
course. Although the Dallas Newborn Cohort, a study whose subjects
were diagnosed at birth by newborn screening and received compre-
hensive care, did not identify a link between early VOC and mortality
and stroke risk, the study did suggest an association between early
hospitalizations for pain, including dactylitis, and higher disease burden
later in life [4]. Our data confirms this finding, and also reveals an
increased risk of stroke in children, but not in adults. While it may be
possible that children and adult patients were not included due to early
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mortality, it is more likely related to how and where patients were
enrolled for the study. For example, recruitment of our subjects in Ghana
occurred during the general SCD clinic and not in the specialty clinic
where most stroke patients were seen (personal communication, Dr. C
Segbefia). An increased mortality in patients who experience their first
crisis early in life could also be another possible explanation of the
difference between adults and children, as well as between Ghana and
the USA.

Our study also revealed an increased risk of gallstones and chole-
cystectomy within the SS and S/Beta0 genotype group suggesting a link
between early first pain crisis and a more pronounced hemolytic
phenotype. In addition, both children and adults with early first PC had
a lower MCV compared to others, that, given the high prevalence of SS
genotype in both groups, suggests a possible coexistence of alpha gene
mutation. The role of the coinheritance of alpha thalassemia with sickle
mutation has recently been shown to correlate with higher pain fre-
quency and a higher iron burden, discounting the possibility of MCV
being a result of iron deficiency. [27] Alpha thalassemia has been re-
ported to reduce the hemolysis and the risk of strokes, but also to in-
crease the rate of avascular necrosis and painful episodes [1].

4.1. Limits of the study

Cross-sectional retrospective questionnaire cohort studies have lim-
itations particularly regarding collection of data that could result in
inaccurate reporting, or missing information. While it is possible that
recall bias played a role in the recollection of our adult patients’ first
pain episode, the data suggest that bias played a minimal role in the
outcome of the study. Although the questionnaire did not ask specific
information regarding age at diagnosis, dactylitis, or coinheritance of
alpha thalassemia, 145 subjects of the available cohort could not be
included as they did not respond to the question regarding the age of
first pain crisis, making it impossible to discriminate whether they forgot
to respond or if they never had a crisis. The correlation between age of
first crisis and likelihood of being on regular preventive treatment in the
whole cohort was biased by the low number of Ghanaian patients on
regular transfusion or hydroxyurea. Moreover, the 18 additional pa-
tients from Italy were not included in the analysis on phenotype, because
of the heterogeneity and fewer numbers compared to the other
countries.

Though the prediction of the severity of phenotype has been very
challenging after decades of related research, our findings support that
the age of the first pain crisis could represent a useful indicator of disease
severity, with a more severe phenotype in patients with earlier crises.
The implication for the need to develop newborn screening programs
should be apparent, as disparities in the first pain crisis identification
emerge between countries. A universal early-initiated preventive man-
agement for SCD with hydroxyurea and possibly other new medications
coming down the pipeline could avoid the severe complications, poor
quality of life, and increased morbidity of the disease.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.bcmd.2020.102531.

IT: Conceptualization, Resources, Writing Original Draft, Data
Curation, Formal Analysis, Visualization; CS: Resources, Visualization,
Investigation, Review and Edits. AC: Conceptualization, Methodology,
Validation, Formal Analysis, Data Curation, Funding Acquisition, Su-
pervision, Project Administration, Visualization. All the authors: Re-
sources (data collection from patients), Investigation, reviewed, edited
and approved the final manuscript.


https://doi.org/10.1016/j.bcmd.2020.102531
https://doi.org/10.1016/j.bcmd.2020.102531

L. Tartaglione et al.
Acknowledgment

Thanks to Adetola Kassim, Vishwas Sakhalkar for their help in
developing the questionnaire and protocol. Thanks to Students of the
University of Michigan Minority Health and Health Disparities Inter-
national Research Training (MHIRT) program: Ahmed Owda, Duna
Buttner, Sophia Akatue, Ashya Smith, Austin Novarra, Clementine Fu,
Lewis Graham, Esther Kim, Haikel Haile, Sheri Van Omen, Marianna
Yamamoto. Thanks to patients and their families who enthusiastically
participated in the study.

Avadilability of data and materials

The datasets during and/or analyzed during the current study
available from the corresponding author on reasonable request.

Funding

This study was supported in part by research funding from Grant #
NIMHD T37MD001425 to AC.

Declaration of competing interest

The following authors declare conflict of interest:

A Campbell: research funding and consultancy from Global Blood
Therapeutics (GBT), Novartis and Bluebird Bio; and consultancy for
Imara; D Manwani: research funding from Grifols; consultancy for
Novartis, Pfizer, Global Blood Therapeutics; B Andemariam: consul-
tancy for Novartis, Pfizer, NovoNordisk, Emmaus, Cyclerion, Terumo,
Sanofi, CRISPR/Vertex, Forma Therapeutics, Global Blood Therapeutics,
Roche; research funding: Imara; B Inusa: education funding: Novartis
AstraZeneca, Global Blood Therapeutics, Celgene, Vertex; C. Strunk:
consultancy Global Blood Therapeutics, Medunik, and Novartis; R
Colombatti: research funding: Global Blood Therapeutics, Novartis. W
Zempsky: consultancy for Pfizer and Glycomimetics; No disclosures to
declare from the other co-authors.

[1] C.T. Quinn, Minireview: clinical severity in sickle cell disease: the challenges of

definition and prognostication, Exp. Biol. Med. 241 (2016) 679-688.

O.S. Platt, B.D. Thorington, D.J. Brambilla, P.F. Milner, W.F. Rosse, E. Vichinsky, T.

R. Kinney, Pain in sickle cell disease. Rates and risk factors, N. Engl. J. Med. 325

(1991) 11-16.

[3] S.T. Miller, L.A. Sleeper, C.H. Pegelow, L.E. Enos, W.C. Wang, S.J. Weiner, D.

L. Wethers, J. Smith, T.R. Kinney, Prediction of adverse outcomes in children with
sickle cell disease, N. Engl. J. Med. 342 (2000) 83-89.

[4] C.T. Quinn, E.P. Shull, N. Ahmad, N.J. Lee, Z.R. Rogers, G.R. Buchanan, Prognostic
significance of early vaso-occlusive complications in children with sickle cell
anemia, Blood. 109 (2007) 40-45.

[5] C.T. Quinn, Z.R. Rogers, T.L. McCavit, G.R. Buchanan, Improved survival of
children and adolescents with sickle cell disease, Blood. 115 (2010) 3447-3452,
https://doi.org/10.1182/blood-2009-07-233700.

[6] M.R. Abboud, Standard management of sickle cell disease complications, Hematol.
Oncol. Stem Cell Ther. (2020), https://doi.org/10.1016/j.hemonc.2019.12.007.

[7]1 C. Steele, A. Sinski, J. Asibey, M.-D. Hardy-Dessources, G. Elana, C. Brennan,

1. Odame, C. Hoppe, M. Geisberg, E. Serrao, C.T. Quinn, Point-of-care screening for
sickle cell disease in low-resource settings: a multi-center evaluation of
HemoTypeSC, a novel rapid test, Am. J. Hematol. 94 (2019) 39-45.

[8] S.D. Grosse, I. Odame, H.K. Atrash, D.D. Amendah, F.B. Piel, T.N. Williams, Sickle

cell disease in Africa, Am. J. Prev. Med. 41 (2011) $398-S405, https://doi.org/

10.1016/j.amepre.2011.09.013.

A.D. Campbell, R. Colombatti, B. Andemariam, C. Strunk, I. Tartaglione, C.

M. Piccone, D. Manwani, E.V. Asare, D. Boruchov, F. Farooq, R. Urbonya, G.

[2

—

[9

—

[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Blood Cells, Molecules and Diseases 88 (2021) 102531

D. Boatemaa, S. Perrotta, L. Sainati, A. Rivers, S. Rao, W. Zempsky, F. Sey,

C. Segbefia, B. Inusa, C. Antwi-Boasiako, An analysis of racial and ethnic
backgrounds within the CASiRe international cohort of sickle cell disease patients:
implications for disease phenotype and clinical research, J. Racial Ethn. Health
Disparities (2020), https://doi.org/10.1007/540615-020-00762-2.

C. Antwi-Boasiako, B. Andemariam, R. Colombatti, E.V. Asare, C. Strunk, C.

M. Piccone, D. Manwani, D. Boruchov, F. Farooq, R. Urbonya, S. Wilson, G.

D. Boatemaa, S. Perrotta, L. Sainati, A. Rivers, S. Rao, W. Zempsky, I. Ekem, F. Sey,
C. Segbefia, B. Inusa, I. Tartaglione, A.D. Campbell, A study of the geographic
distribution and associated risk factors of leg ulcers within an international cohort
of sickle cell disease patients: the CASiRe group analysis, Ann. Hematol. (2020),
https://doi.org/10.1007/500277-020-04057-8.

Evidence-based management of sickle cell disease: expert panel report, Pediatrics
134 (2014) (2014) e1775, https://doi.org/10.1542/peds.2014-2986.

M.T. Gladwin, E. Vichinsky, Pulmonary complications of sickle cell disease,

N. Engl. J. Med. 359 (2008) 2254-2265.

E.P. Vichinsky, L.D. Neumayr, A.N. Earles, R. Williams, E.T. Lennette, D. Dean,
B. Nickerson, E. Orringer, V. McKie, R. Bellevue, C. Daeschner, M. Abboud,

M. Moncino, S. Ballas, R. Ware, E.A. Manci, Causes and outcomes of the acute chest
syndrome in sickle cell disease, N. Engl. J. Med. 342 (2000) 1855-1865, https://
doi.org/10.1056/nejm200006223422502.

S.K. Ballas, S. Lieff, L.J. Benjamin, C.D. Dampier, M.M. Heeney, C. Hoppe, C.

S. Johnson, Z.R. Rogers, K. Smith-Whitley, W.C. Wang, M.J. Telen, Investigators,
comprehensive sickle cell centers, definitions of the phenotypic manifestations of
sickle cell disease, Am. J. Hematol. 85 (2010) 6-13.

P.T. Ross, M.L. Lypson, D.C. Ursu, L.A. Everett, O. Rodrigues, A.D. Campbell,
Attitudes of Ghanaian women toward genetic testing for sickle cell trait, Int. J.
Gynaecol. Obstet. 115 (2011) 264-268.

S.A. Obed, K. Asah-Opoku, S. Aboagye, M. Torto, S.A. Oppong, M.A. Nuamah,
Awareness of sickle cell trait status: a cross-sectional survey of antenatal women in
Ghana, Am. J. Trop. Med. Hyg. 96 (2017) 735-740.

S. Creary, 1. Adan, J. Stanek, S.H. O’Brien, D.J. Chisolm, T. Jeffries, K. Zajo,

E. Varga, Sickle cell trait knowledge and health literacy in caregivers who receive
in-person sickle cell trait education, Mol. Genet. Genomic Med. 5 (2017) 692-699.
S.E. Harrison, C.M. Walcott, T.D. Warner, Knowledge and awareness of sickle cell
trait among young African American adults, West. J. Nurs. Res. 39 (2017)
1222-1239.

S. Tewari, V. Brousse, F.B. Piel, S. Menzel, D.C. Rees, Environmental determinants
of severity in sickle cell disease, Haematologica. 100 (2015) 1108-1116.

F.B. Piel, S. Tewari, V. Brousse, A. Analitis, A. Font, S. Menzel, S. Chakravorty, S.
L. Thein, B. Inusa, P. Telfer, M. de Montalembert, G.W. Fuller, K. Katsouyanni, D.
C. Rees, Associations between environmental factors and hospital admissions for
sickle cell disease, Haematologica. 102 (2017) 666-675.

R. Thomas, R. Dulman, A. Lewis, B. Notarangelo, E. Yang, Prospective longitudinal
follow-up of children with sickle cell disease treated with hydroxyurea since
infancy, Pediatr. Blood Cancer 66 (2019), e27816.

S.B. Schuchard, J.R. Lissick, A. Nickel, D. Watson, K.L. Moquist, R.M. Blaylark, S.
C. Nelson, Hydroxyurea use in young infants with sickle cell disease, Pediatr. Blood
Cancer 66 (2019), e27650.

X. van den Tweel, H. Heijboer, K. Fijnvandraat, M. Peters, Identifying children with
sickle cell anaemia in a non-endemic country: age at diagnosis and presenting
symptoms, Eur. J. Pediatr. 165 (2006) 581-582, https://doi.org/10.1007/s00431-
006-0102-7.

V. Brousse, S. El Hoss, N. Bouazza, C. Arnaud, F. Bernaudin, B. Pellegrino,

C. Guitton, M.-H. Odievre-Montanié, D. Mames, C. Brouzes, V. Picard, T. Nguyen-
Khoa, C. Pereira, C. Lapouméroulie, S. Pissard, K. Gardner, S. Menzel, C. Le Van
Kim, Y. Colin-Aronovicz, P. Buffet, N. Mohandas, C. Elie, M. Maier-Redelsperger,
W. El Nemer, M. de Montalembert, Prognostic factors of disease severity in infants
with sickle cell anemia: a comprehensive longitudinal cohort study, Am. J.
Hematol. 93 (2018) 1411-1419.

P. Cesar, A. Dhyani, L.A. Schwade, P. Acordi, C.X. Albuquerque, R. Nina, E.V. De
Paula, N. Fraiji, Epidemiological, clinical, and severity characterization of sickle
cell disease in a population from the Brazilian Amazon, Hematol./Oncol. Stem Cell
Ther. 12 (2019) 204-210, https://doi.org/10.1016/j.hemonc.2019.04.002.

C. Bf, E. Ou, What factors influence the age at diagnosis of sickle cell anemia in
Enugu, Nigeria? J. Blood Disord. Transfus. 05 (2014) https://doi.org/10.4172/
2155-9864.1000231.

D.S. Darbari, O. Onyekwere, M. Nouraie, C.P. Minniti, L. Luchtman-Jones, S. Rana,
C. Sable, G. Ensing, N. Dham, A. Campbell, M. Arteta, M.T. Gladwin, O. Castro, J.
G. Taylor 6th, G.J. Kato, V. Gordeuk, Markers of severe vaso-occlusive painful
episode frequency in children and adolescents with sickle cell anemia, J. Pediatr.
160 (2012) 286-290.

fleming, The presentation, management and prevention of crisis in sickle cell
disease in Africa, Blood Reviews (1989).


http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0005
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0005
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0010
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0010
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0010
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0015
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0015
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0015
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0020
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0020
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0020
https://doi.org/10.1182/blood-2009-07-233700
https://doi.org/10.1016/j.hemonc.2019.12.007
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0035
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0035
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0035
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0035
https://doi.org/10.1016/j.amepre.2011.09.013
https://doi.org/10.1016/j.amepre.2011.09.013
https://doi.org/10.1007/s40615-020-00762-2
https://doi.org/10.1007/s00277-020-04057-8
https://doi.org/10.1542/peds.2014-2986
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0060
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0060
https://doi.org/10.1056/nejm200006223422502
https://doi.org/10.1056/nejm200006223422502
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0070
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0070
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0070
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0070
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0075
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0075
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0075
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0080
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0080
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0080
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0085
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0085
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0085
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0090
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0090
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0090
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0095
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0095
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0100
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0100
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0100
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0100
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0105
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0105
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0105
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0110
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0110
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0110
https://doi.org/10.1007/s00431-006-0102-7
https://doi.org/10.1007/s00431-006-0102-7
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0120
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0120
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0120
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0120
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0120
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0120
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0120
https://doi.org/10.1016/j.hemonc.2019.04.002
https://doi.org/10.4172/2155-9864.1000231
https://doi.org/10.4172/2155-9864.1000231
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0135
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0135
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0135
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0135
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0135
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0305
http://refhub.elsevier.com/S1079-9796(20)30568-4/rf0305

	Age of first pain crisis and associated complications in the CASiRe international sickle cell disease cohort
	1 Introduction
	2 Material and methods
	2.1 Statistics

	3 Results
	3.1 Study subjects
	3.2 Age of first pain crisis
	3.3 Age of first pain crisis, pain burden and health resources utilization
	3.4 Age of first pain crisis and transfusion requirement
	3.5 Age of first pain crisis and hydroxyurea therapy
	3.6 Age of first pain crisis and sickle cell related complications
	3.7 Age of first pain crisis and laboratory parameters

	4 Discussion
	4.1 Limits of the study

	5 Conclusions
	CRediT authorship contribution statement
	Acknowledgment
	Availability of data and materials
	Funding
	Declaration of competing interest
	References


