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Asthma is associated with acute chest syndrome and pain in children with sickle
cell anemia

Jessica H. Boyd, Eric A Macklin, Robert C. Sturk, and Michas! R. DeBaun

Pain and acute chest syndrome (ACS)  children with hemoglobin SS enrolled in  more frequent ACS episodes (0.39 vs 0.20
episodes are 2 of the most common  the Cooperative Study for Sickie Cell Dis- events per pationt year, P < .001) and
causes of hospitalization in children with ease before age 6 months and followed 39 vs 0.47 events per
sickle coll anemia (SCA). Howover, very beyond age 5 years. Asthma was defined
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als who were followed for 18,495 patientyears. After controlling for established risk
factors, individuals with SCA and asthma had a more than two-fold higher risk of mor-
tality (hazard ratio 2.36, 95% CI 1.21 to 4.62, p=0.01). To summarize, asthma is a
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MORTALITY IN SICKLE CELL DISEASE
Life Expectancy and Risk Factors for Early Death

ORAN 8. PLATT, M.D., DONALD J. BRaMBILLA, Pit.D., WENDE!
OswaLDO CasTrO, M.D., MARTIN H. STEINBERG, M.

Abstract ion on life
and risk factors for early death among patients with sickle
cell disease (sickle cell anemia, sickle cell-hemoglobin C
disease, and the sickle cell-p-thalassemias) is needed to
counsel patients, target therapy, and design clinical trials.
Methods. We followed 3764 patients who ranged from
birth to 66 years of age at enroliment to determine the life
expectancy and calculate the median age at death. In ad-
dition, we investigated the circumstances of death for all
209 adult patients who died during the study, and used
proportional-hazards regression analysis to identify risk
factors for early death among 964 adults with sickle cell
anemia who were followed for at least two years.
Results. Among children and adults with sickle cell
anemia (homozygous for sickle hemoglobin), the median
age at death was 42 years for males and 48 years for
females. Among those with sickle cell-hemoglobin C dis-
ease, the median age at death was 60 years for males and
68 years for females. Among adults with sickle cell dis-

. Rosse, M.D., Paut F. Miuxer, M.D,,
., anD Panerr P. Krug, M.D.

ease, 18 percent of the deaths occurred in patients with
overt organ failure, predominantly renal. Thirty-three per-
cent were clinically free of organ failure but died during an
acute sickle crisis (78 percent had pain, the chest syn-
drome, or both; 22 percent had stroke). Modeling revealed
that in patients with sickle cell anemia, the acute chest
syndrome, renal failure, seizures, a base-line white-cell
count above 15,000 cells per cubic millimeter, and a low
level of fetal hemoglobin were associated with an in-
creased risk of early death.

Conclusions. Fifty percent of patients with sickle cell
anemia survived beyond the fifth decade. A large propor-
tion of those who died had no overt chronic organ failure
but died during an acute episode of pain, chest syndrome,
or stroke. Early mortality was highest among patients
whose disease was symptomatic. A high level of fetal he-
moglobin predicted improved survival and is probably a
reliable childhood forecaster of adult life expectancy.
(N Engl J Med 1994;330:1639-44.)

Table 5. Risk Factors for Early Death in Patients
with Sickle Cell Anemia Who Were 20 Years of Age

or Older.*
VARIABLE VARIABLE ESTIMATE =SE P VaLuet
Fetal hemoglobin (%) =0.09+0.04 <0.001
Acute chest syndrome} 0.80+0.27 0.005
Renal failure 1.10+0.47 0.03
Seizures 0.91%0.42 0.04
White-cell count 0.10=0.04 0.01
*The values shown for the variable esti reflect the

between age-specific mortality risks and clinical profiles during the study in
a multivariate model, with backward elimination, by proportional-hazard:

regression.

tLikelihood ratio, 1 degree of freedom.

$Scored as follows: <0.2 episode per year = 1. =0.2 episode per
year = 0,
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Asthma is associated with acute chest syndrome and pain in children with sickle
cell anemia

Jessica H. Boyd, Eric A. Mackiin, Robert C. Strunk, and Michael R. DeBaun

Pain and acute chest syndrome (ACS) ~children with hemoglobin SS enrolled in  more frequent ACS episodes (0.39 vs 0.20
episodes are 2 of the most common the Cooperative Study for Sickle Cell Dis-  events per patient year, P <.001) and
causes of hospitalization in children with ~ ease before age 6 months and followed  painful episodes (1.39 vs 0.47 events per
sickle cell anemia (SCA). However, very ~ beyond age 5 years. Asthma was defined patient year, P < .001). In conclusion, in
few potentially modifiable risk factors for by a physician diagnosis, an acute asthma  children with SCA, asthma is associated
either condition have been identified. In  event, or use of prescription asthma medi-  with an increased incidence of sickle cell
this prospective infant cohort study, we ~ cations. The incidence rates of ACS and  disease-related morbidity, including ACS
tested the hypothesis that asthmais asso- painful episodes were compared for chil- and painful episodes. (Blood. 2006;108:
ciated with an increased incidence rate of  dren with and without asthma. A clinical  2923-2927)

pain and ACS episodes. An infant cohort  diagnosis of asthma was made in 17% of

was composed of 291 African American  the cohort. Asthma was associated with  © 2006 by The American Society of Hematology

g

26.09.12

N= 4085
Enrolled < 6 months old
n=709
Other SCD type
8
‘
African American

Lost 1o folow-up.
n=18

Uncensored at 5 years
n=309
Missing asthma data
n=18

Classifiable asthma data

n=291

Asthma No Asthma
n=49 n=242

Figure 1. Enroliment in the infant sickle cell anemia cohort and eligibility for
study cohort.

Table 1. Demographic features of patients with sickle cell anemia
with and without asthma

Asthma No asthma P

No. patients 49 242
Sex, no. (%) .27

Male 29 (59) 121 (50)

Female 20 (41) 121 (50)
Age at entry, mean (range), y 0.27 (0.29-0.50)  0.25 (0.22-0.50) .48
Asthma Dx age, mean (range), y* 6.2 (5.0-11.7) 6.4 (5.0-11.6) .29
Follow-up, mean (range), yt 11.7 (0-19.0) 10.9 (0-19.6) .23
LAO by spirometry, no. (%)f 13 (38) 9(7) < .001

“Age is the time when asthma diagnosis was first assessed.

tFollow-up is between date of entry and the earliest of transfer away from a study
clinic, last routine study visit, last special study visit, initiation of chronic blood
transfusion therapy, initiation of hydroxyurea, cerebrovascular event, bone marrow
transplantation, or death.

}Excluding 64 subjects (13 with asthma, 51 without asthma) with apparent
restrictive disease.




Table 2. Clinical events in children with sickle cell anemia with and
without asthma

No

Asthma asthma P
No. patients 49 242
Acute chest syndrome (ACS), events 0.39 0.20 .001*

per patient year

Median time to first ACS, y 24 46 .01t
Pain, no. events per patient year 1.39 0.47 < .001%
Transfusion, no. events per patient year 1.00 0.60 .02

“Incidence rates compared by negative binomial regression controlling for age at
time of asthma diagnosis and lifetime average hemoglobin concentration, white blood
cell count, and percent fetal hemoglobin.

tMedian time to first event estimated by Kaplan-Meier, P value from Cox
regression controlling for age at time of asthma diagnosis and lifetime average
hemoglobin concentration, white blood cell count, and percent fetal hemoglobin.

fIncidence rates compared by negative binomial regression controlling for age at
time of asthma diagnosis, sex, and lifetime average hematocrit and percent fetal
hemoglobin.
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Figure 2. Age-specific incidence of acute chest syndrome (ACS) and pain

cohort. (A) Overal incidence rate of ACS events s higher in chidren with SCA and
asthma (0.39 events per patient year) when compared with children with SCA and
ihout asthr 1

pal
painful events is higher in children with SCA and asthma (1.39 events per paient
year) when compared with chilcren with SCA and without asthma (0.47 events per
patient year, P<.001). Line segments are point-wise exact 95% confidence
intervals.
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Table 1. Demographics of patients with sickle cell anemia that
were ovaluated for asthma.
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Figure 1. Kaplan-Meler plot of age of death for subjects with sick-
lo cll anemia and asthma (n=138) and those without asthma
(n=25) conditional on survival beyond age 5 years. Relative sur-
Vivorship given here s

‘and mortality risk Increases with
age.
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Table 2. Cox regression estimates of mortality predictors, including estimates from both the final multivariate model and each predic-

tor in a univariate model.

Age at study entry (1) 1828
Fetal hemoglobin (%)

ACS rate (02 yr'vs. 202 )

Renal insufficency (Yesvs.No)
Seizues (Ys vs.No)

Whitecell count (10%/1)

Asthma (s v. No)

Multivariate Model

Hazard ratio (95% C1) P value N

0.779 (0.709,0.856) <0.0001 2635
0.929 (0.863,1.000) 0.0511 207
2.325(1.267,4.265) 0.0064 2635
7.168 (3.687,13.936) <0.0001 2635
1.275(0519,3.131) 0.5959 2635
1.182(1.085,1.287) 0.0001 2566
2.362 (1.208,4.621) 00120 1963

Univariate Models
Hezard ratio (95% C)
1,005 (0.956,1.057)
0916 (0.878,0.956)
2418 (1.799.3.249)
3922 (2536,6.064)
2405 (1.465,3.948)
1107 (1.057,1.160)
3855 (2.081,7.140)

pvalue

0.8496
0.0001
<0.0001
<0.0001
0.0005
<0.0001
<0.0001




