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ABSTRACT

Objectives. Improvements in survival for children with sickle cell disease (SCD)
during the last 30 years have been well established. Whether similar improve-
ments for adults with the disease have occurred is unknown. We investigated
mortality rates for children and adults with SCD.

Methods. We used the National Center for Health Statistics multiple-cause-of-
death files to examine age at death and calculate mortality rates from 1979 to
2005. We examined trends in mortality rates using negative binomial regres-
sion, and we examined age at death using t-tests and linear regression.

Results. We identified 16,654 sickle cell-related deaths. Mean age at death
was significantly different for males (33.4 years, 95% confidence interval [Cl]
33.0, 33.7) than for females (36.9 years, 95% Cl 36.5, 37.4). In a regression
model controlling for gender, the mean age at death increased by 0.36 years
for each year of the study. The median age at death in 2005 was 42 years
for females and 38 years for males. The overall mortality rate increased 0.7%
(p<<0.001) each year during the time period studied. The adult (>19 years

of age) mortality rate increased by 1% (p<<0.001) each year during the time
period studied. The pediatric mortality rate decreased by 3% (p<<0.001) each
year during the time period studied.

Conclusions. These data confirm prior findings of a significant decrease in
mortality for children with SCD. The mortality rate for adults appears to have
increased during the same time period. It seems unlikely that this increase is
due merely to an influx of younger patients surviving to adulthood and may
reflect a lack of access to high-quality care for adults with SCD.
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Sickle cell disease (SCD) is a common genetic disorder
with potentially devastating consequences for those
afflicted. It affects approximately 90,000-100,000 Amer-
icans, the majority of whom are African American."?
In the last 50 years, survival has improved dramatically
for people with SCD in the United States. Their aver-
age life expectancy in the 1970s was <20 years of age.
By the early 1990s, the Cooperative Study of Sickle
Cell Disease estimated a median life expectancy of
those with sickle cell anemia, the most severe form
of the disease, of 42 years of age for males and 48
years of age for females.” This dramatic improvement
has been attributed to several interventions in early
childhood, including widespread newborn screening
programs, the use of penicillin prophylaxis, and the
use of pneumococcal vaccination. Several studies have
demonstrated decreasing mortality rates over time for
children with SCD.* Mortality rates in adults have not
been reported recently.

In the last 15 years, hydroxyurea has become avail-
able for the treatment of SCD. This medication has
demonstrated efficacy to reduce morbidity and mor-
tality in SCD;%7 therefore, there is an expectation that
a reduction in mortality rates should occur with its
widespread use. However, recent studies suggest that
hydroxyurea is being underused® and that the expected
benefits of this therapy are not being realized at the
population level.

The purpose of this study was to use a large popu-
lation-based dataset to describe age at death and pos-
sible contributors to death in individuals with SCD. In
addition, we investigated mortality rates for adults with
SCD during the last 26 years, and determined whether
mortality rates for this population have changed in the
era of hydroxyurea use.

METHODS

We extracted age at death, underlying cause of death
(COD), and contributing CODs for people in the U.S.
with SCD from 1979 through 2005 from the National
Center for Health Statistics multiple-cause-of-death
(MCOD) databases.” The MCOD files contain data
from all death certificates filed in the U.S. Each
certificate in the dataset includes the age at death,
underlying COD, and a list of up to 20 conditions
thought to contribute to the underlying COD. We
identified deaths in people with SCD during the time
period under study using International Classification
of Diseases Ninth Revision (ICD-9)' codes (282.41,
282.42, 282.60-64, 282.68, and 282.69) and ICD 10th
Revision (ICD-10)"' codes (D570-D578) found in either
the underlying COD or anywhere within the list of

up to 20 diagnoses that contributed to the COD. We
excluded records with the codes for sickle cell trait
(282.5, D573) from analyses.

Analyses were not stratified by sickle genotype due
to concerns regarding the accuracy of the coding. We
restricted our analysis of the potential contributors to
the underlying COD to illnesses known to be associated
with mortality in SCD. These conditions included acute
chest syndrome, renal disease, pulmonary hyperten-
sion, stroke, and infection.*'? In addition, we investi-
gated whether overdose of prescribed narcotics was also
asignificant contributor to COD."” When evaluating the
COD, the analysis reported in this study was restricted
to those conditions identified in the MCOD files as the
underlying COD. We conducted sensitivity analyses that
suggested that the relative prevalence we observed for
the different underlying CODs would not change had
we expanded our scope to include the contributory
CODs as well as the underlying COD. Therefore, we
restricted our analyses to the underlying COD for the
sake of simplicity and ease of interpretation.

We used logistic regression analyses to assess poten-
tial changes in the likelihood of the different specific
conditions under study appearing as the underlying
COD over time. To assess changes in mean age at
death over time, we used multiple linear regression,
t-tests, Mann Whitney, and F tests to determine the
bivariate and multivariate relationships between age
at death and gender, year of death, and underlying
COD. We considered $<<0.05 values to be significant.
We examined the distribution of age at death, as well
as the distribution of the residuals from regression
analyses of age at death, using the Shapiro-Wilk test,
which demonstrated significant non-normality. Robust
and resistant regression methods were used as needed
to account for slight departures from the assumptions
of linear regression analysis and the presence of out-
liers. As these analyses led to the same conclusions
as the ordinary linear regression, the results of the
ordinary linear regressions are reported for ease of
interpretation.

We examined trends in SCD mortality rates over
time (1979-2005) using negative binomial regression.
Mortality rates were calculated overall and stratified by
pediatric/adult status (age =19 years = pediatric, age
>19 years = adult). The African American population
(overall and by pediatric/adult status) served as our
denominator, and all rates are presented as deaths per
100,000 African Americans. We obtained our denomi-
nators for each year from the intercensal population
estimates made available through the U.S. Census.'*"

Following the overall analysis, and to assess potential
nonlinear trends in the mortality rates over time, we
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conducted analyses using linear spline terms. Visual
inspection of graphical analyses suggested a nonlinear
change in the trend in mortality rates during the early
1990s. To examine this trend, we used negative bino-
mial regression models placing linear spline terms at
different periods throughout the early 1990s. The best
fitting model was selected using Akaike’s Information
Criterion."

Finally, we conducted a subanalysis examining
trends in mortality rates for the period 1992-2005
to assess potential changes in the SCD mortality rate
restricted to the era of hydroxyurea use. We placed a
linear spline term at the year 1998 to compare trends
in mortality rates for the seven years before/up to
Food and Drug Administration (FDA) approval of
hydroxyurea (1992-1998) with trends in mortality rates
for the seven years after FDA approval of hydroxyurea
(1999-2005). We used Stata® version 10.0'° to perform
all statistical analyses.

RESULTS

We identified 16,654 sickle cell-related deaths during
the period of study, 1979-2005. Table 1 shows the
demographic characteristics by the most prevalent
underlying CODs. The age range was 0-107 years.
The female who was reported as being 107 had ICD-9
codes for SCD (unspecified) and coronary artery
disease. The median age at death during the entire

time period was significantly lower for males (33 years,
interquartile range [IQR] = 20) than for females (37
years, IQR=23) ($<<0.001 for both). The median age
at death in 2005 (our most recent year of study) was
42 years (IQR=23) for females and 38 years (IQR=18)
for males (data not shown).

Sixty-five percent of the death certificates listed SCD
as the underlying COD. The top five most common
diagnoses (not including SCD) that were listed as the
underlying COD were infectious disease (6%), non-
ischemic heart disease (4%), ischemic heart disease
(3%), stroke (3%), and liver disease (2%). The odds
of the COD being infection or stroke decreased by
2% and 1%, respectively, each year during the time
period studied. In a regression model of age at death
over time and controlling for gender, we found that
the mean age at death increased by 0.36 years for each
year of study. Table 2 shows how the known sickle
cell comorbidities were associated with age at death.
People with infection listed as the underlying COD
were 5.17 years younger, on average, than people for
whom infection was not listed as the underlying COD.
Conversely, people with an underlying COD of stroke,
pulmonary hypertension, or renal disease were older,
on average, than those without those conditions listed
as the underlying COD.

Based on U.S. Census data estimates, the African
American population grew in size from 26,072,963
to 39,067,463 during the time period studied. The

Table 1. Demographic characteristics of people with sickle cell disease who died from the

top 14 underlying causes of death: U.S., 1979-2005>

Total

Underlying cause of death N (percent)

Female
N (percent)

Mean age (SD) Median age (IQR)

Sickle cell disease 7,722 (46)
SS without crisis 2,738 (16)
Infection 982 (6)
Non-ischemic heart disease 699 (4)
Ischemic heart disease 497 (3)
SS with crisis 467 (3)
Stroke 410 (3)
Liver disease 390 (2)
Accidental 385 (2)
Lung disease not PHTN 305 (2)
Renal disease 301 (2)
PHTN 282 (2)
Solid tumor 255 (2)
Pulmonary embolism 189 (1)

3,646 (47) 31.4 (16.5) 31 (19)
1,392 (51) 37.0 (15.3) 38 (21)
478 (49) 29.7 (19.0) 30 (28)
334 (48) 41.2 (17.3) 40 (21)
246 (50) 54.0 (16.5) 53 (21)
216 (46) 37.2 (14.4) 36 (19)
223 (54) 38.6 (17.5) 37 (22)
148 (38) 40.6 (14.1) 41 (20)
137 (36) 33.2 (13.7) 32 (15)
140 (46) 33.5(18.7) 33 (24)
143 (48) 44.6 (16.4) 44 (22)
169 (60) 39.4 (12.0) 38 (15)
137 (54) 52.5(17.5) 53 (23)
99 (52) 35.3 (12.9) 32 (16)

“The table represents 93.8% of all deaths during this time period. All other diagnoses were present in <1% of deaths.

SD = standard deviation

IQR = interquartile range

SS = homozygous S

PHTN = pulmonary hypertension
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Table 2. Linear regression model for correlates
of age at death for people with sickle cell disease:
U.S., 1979-2005

Correlate B
Year 0.36°
Male -3.302
Infection -5.17°
Stroke 3.492
Pulmonary hypertension 2.42°
Renal 9.572
*p<0.001

©p<0.05

overall sickle cell mortality rate calculated from this
Census data increased by 0.7% (p<<0.001) each year
during the time period studied. This rate represents
an 18.2% increase in mortality rate during the 26 years
studied. A graph of the smoothed mortality rates for
adults and children over time are shown in the Figure.
The adult (>19 years of age) mortality rate increased
by 1% (p<0.001) each year during the time period
studied. The pediatric mortality rate decreased by 3%
(p<<0.001) each year during the time period studied.
In examining the graph of mortality rate, there appears
to be a change in the adult mortality rate sometime in
the early 1990s. This apparent nonlinearity was assessed
using a spline term at 1994. We found that prior to
1994, the mortality rate increased by 2.6% (p<<0.001)
each year; however, from 1994 on, the mortality rate
decreased by 0.9% each year (p=0.007). The adult mor-
tality rate in 2005—2.5 per 100,000 African American
population—never returned to the baseline value seen
in 1979—2.2 per 100,000 African American population.
The apparent decreasing trend does seem sensitive to
the presence of the year 2005 data point, however, as
removal of this data point from the analysis negates
the statistical significance seen in this trend.

In examining the potential impact of the use of
hydroxyurea on mortality rates, we compared rates
using spline terms for the seven years before and up
to the FDA approval of hydroxyurea (1992-1998) with
the seven years of data we had after the approval of
hydroxyurea (1999-2005). We found that there was
no significant change in mortality rates between these
two time periods (incidence rate ratio [IRR] = 1.00,
95% CI 0.99, 1.02 for 1992-1998 vs. IRR=0.99, 95%
CI 0.96, 1.01 for 1999-2005).

DISCUSSION

Our data suggest that, unlike in children, the mor-
tality rate for adults with SCD in the U.S. increased

during the time period studied, with little impact at
the population level seen from the introduction of
hydroxyurea. Several prior publications have dem-
onstrated an improved survival rate for children with
SCD. Quinn et al.’ examined deaths in the Dallas
Newborn Cohort and demonstrated that the overall
incidence rate for deaths per 100 patients decreased
from 0.67 in children from the 1983-1990 era to 0.15
in the 2000-2007 era. Yanni et al.* compared mortal-
ity rates for children using the MCOD files, as we did
in this study. They compared mortality rates for chil-
dren during the period 1983-1986 with rates during
the period 1999-2002. They demonstrated that the
relative rate of mortality dropped 68% for children
0-3 years of age, 39% for children 4-9 years of age,
and 24% for children 10-14 years of age between the
two time periods. Our data are consistent with those
findings and demonstrate a decrease in mortality rate
for children from the late 1970s through 2005. Along
with the finding of a decrease in childhood mortality,
we found a decrease over time in the odds of infec-
tion being listed as the underlying COD. This finding
is consistent with, and would seem to support, the
widely held view that interventions such as penicillin
prophylaxis and vaccination provided to people with
SCD in early childhood have played an important role
in decreasing childhood mortality and preventing life-
threatening infections.

While comprehensive care for children with SCD
has been linked to improved survival, the lack of
comprehensive care for adults with SCD'” may explain
the overall increased mortality rate for this population
seen during the entire study period. During this same
time period, the age-adjusted death rates for the entire
African American population steadily decreased from
1,314.8 per 100,000 population in 1980 to 1,016.5
per 100,000 population in 2005."* While we found an
overall increased mortality rate for adults with SCD
comparing the end of our period of study with the
beginning, it is interesting to note that the trend in
adult SCD mortality rate did appear to start decreas-
ing in 1994. It is difficult to identify any intervention
in the early 1990s for adults that might easily explain
this trend. In addition, the mortality rate for adults
with SCD never returned to the baseline value seen
in 1979. And if we take out the final year of data, the
significance of the downward trend in adult mortality
is no longer seen. It is likely too early to tell whether
the apparent decrease seen is real or an artifact of an
outlying late data point. Unlike the interventions for
children, only one intervention has been expected to
influence outcomes for adults with SCD and that is the
use of hydroxyurea. Although there have not been any
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randomized studies showing the effect of hydroxyurea
on survival, there are observational studies suggesting
that the use of hydroxyurea may decrease mortality.”
Nevertheless, we found no change in mortality rates
during the period before and after hydroxyurea was
approved by the FDA. This finding may reflect poor
use of this drug by this population or it may be that it
is too early to see the effect using death certificate data.

A number of factors might be contributing to the
overall increase in mortality rates for adults with SCD
that we observed in this study. One hypothesis is that
the increase in adult mortality rate is due in part to an
increase in the number of children with SCD who are
living to adulthood. While this is certainly a distinct
possibility, it must be noted that the interventions that
are thought to have improved childhood mortality, such
as newborn screening and penicillin prophylaxis, all
occur early in life. Given this fact, one would predict
that interventions implemented in the early 1980s
reducing pediatric mortality would result in a signifi-
cantincrease in the adult sickle cell population 20 years
later. Yet, the trend seen in the Figure demonstrates
an increase in mortality rate starting in the mid-1980s.

Another hypothesis is that changes in our overall
approach to inpatient SCD care may have had an
unintended detrimental effect on SCD mortality rates.
The average length of hospital stays for SCD has been
decreasing over time while the rate of hospital admis-
sions has been increasing.? Shorter hospital stays,

however, may be associated with increased hospital
visits for SCD, especially increased hospital readmis-
sions. It is clear that hospital readmissions represent
a significant number of the total hospital admissions
for this patient population.?' Ballas and Lusardi®? have
shown that patients with SCD who were readmitted
within one week of discharge had a significantly higher
mortality rate than other patients admitted with SCD.
Houston-Yu et al.* have shown that individuals with
SCD who have the highest rates of hospitalization also
have higher mortality rates. Increasing hospitalizations
and readmissions, therefore, may explain some of
the increase in mortality rates for adults that we have
observed in this study.

The fact that the median age at death for people
with SCD appears to be unchanged from that reported
by Platt et al. in the early 1990s is of additional con-
cern. Especially troubling is the fact that the median
age at death reported in this study is for people with
all genotypes of SCD, as we did not analyze the death
certificates by separate genotypes. In their 1994 publi-
cation of the Cooperative Study of Sickle Cell Disease
cohort, Platt and colleagues showed that for individu-
als with hemoglobin SC genotype, the median age at
death was 60 years of age for males and 68 years of
age for females, and it was those with the most severe
form of SCD, homozygous SS genotype, that had a
median age at death in their fifth decade of life.” It
may be that greater survival with SCD may introduce

Figure. Mortality rates for adults and children with sickle cell disease: U.S., 1979-2005
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an inherent bias in these data. That is, if the sickle
cell population lives longer, it may become less likely
for a death certificate to include SCD as a COD. Were
this to happen relatively frequently, our analyses would
miss that percentage of patients who had SCD but were
thought to die from causes unrelated to this underlying
disease. This consequence may be especially true for
individuals with the less severe forms of SCD, such as
SC or S-Beta thalassemia. However, if greater survival
with SCD truly introduced the biases we hypothesize
in this study, the implication for our findings is that
we would underestimate the overall mortality rate for
people with SCD.

Limitations

This study was subject to several limitations. One limita-
tion was that death certificates lack details and in 11%
of cases, the only diagnosis on the certificate was SCD,
thereby limiting the interpretation of the true immedi-
ate COD. In addition, the validity of our administrative
mortality data depends upon the accuracy of the physi-
cian diagnosis and the use of appropriate coding of
CODs. In calculating mortality rates, we used denomi-
nators based on the estimated number of all African
Americans and not specific numbers of individuals
with SCD, as these numbers were not available. There
were also limitations in the intercensal population
estimates provided by the U.S. Census that we used to
estimate the African American population. Although
errors in these estimates are less likely to occur when
looking at data for larger populations (state or county
level), more discrepancies have been noted when the
data are stratified by race.?* Finally, as these data only
contained age at death, we were unable to comment
on life expectancy. We could only make comments on
changes in the ages at death for those who died. As
we did not have information about people who were
alive during the time period under study, we could not
comment on changes in life expectancy for the sickle
cell population as a whole over time.

CONCLUSIONS

As has been described in a number of prior studies,
we demonstrated a decrease in mortality rate for
children with SCD during a 26-year period. What has
not been shown previously, however, is that mortality
rates for adults with SCD increased overall during the
same time period. Although the mortality rate for
adults appears to be decreasing in the tail end of the
time period under study, the overall mortality rates
for adults remain above the baseline rates of 1979.
While it is impossible to know why there has not been

a clear decrease in mortality rates for adults with SCD,
we do know that there are interventions, including
the provision of comprehensive care,®? which are
not universally available for adults and may decrease
hospitalization rates, thereby impacting mortality rates.
Additional longitudinal studies of patients are required
to have better estimates of mortality rates and life
expectancy for this population.
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