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Abstract
There are approximately 100,000 people in the United States with Sickle Cell Disease (SCD) 
and the paucity of life tables for this population makes it difficult to determine if research and 
treatment innovations have improved their life expectancy over time and relative to the general 
U.S. population. Using mortality data generated in a population-based surveillance study over 
the period, 2004 to 2008, this paper generates a life table for this study population circa 2006 and 
applies it to the US population that has SCD. I find that a newborn with this condition circa 2006 
had a life expectancy of approximately 48 years. For the total U.S. population, newborns in 2006 
were expected to live to approximately 78 years, 30 years longer than a newborn with SCD. The 
probability of a newborn with SCD reaching age 55 is approximately 0.35 while the probability of a 
newborn in the US population as a whole living to age 55 is approximately 0.92. Comparing the life 
expectancy at birth of approximately 48 years found for circa 2006 with the results of a recent cohort 
simulation study that uses the same mortality data generated in the population-based surveillance 
study over the period, 2004 to 2008, I find a difference of approximately six years, where the latter 
finds a life expectancy of 54 years at birth. Because of advances in treating SCD, it is likely that there 
is hidden cohort heterogeneity in the data underlying the life table such that younger cohorts will 
likely live longer than implied by the 2006 life table.
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Introduction

There are approximately 100,000 people in the United States with sickle cell disease [1]. This 
population is very small relative to the U.S. population as a whole (approximately 330 million), 
which makes it difficult to develop adequate data on mortality. In addition, there are different forms 
of the disease [2-4]. One study examined a population with Sickle Cell Disease (SCD) by developing 
population-based surveillance data from California and Georgia for the years 2004 through 2008 
that were linked to state death record files to determine the all-cause death rate among 12,143 
patients identified with SCD [2]. From these records all cause death rates were calculated. While 
this information is useful, it is limited in that it does not provide information on survivorship and 
life expectancy, which was not a goal stated in this study [2]. Extending this study, I provide these 
important summary measures of mortality by generating a life table from these rates, which greatly 
extends the applicability of them. I believe this is the first time a life table has been constructed 
for the SCD population from a clinical study. The only other life table constructed for the SCD 
population is based on a cohort simulation approach [5]. I compare these two approaches toward 
the end of the paper.

Life tables not only serve as methodological and conceptual tools, they support a wide range of 
applied work [6-8]. They also support a wide range of academic work [9-23].

As an example of the usefulness of constructing a life table from mortality rates, I note that 
Abelin used a set of studies on smoking and health that relied on mortality rates and ratios as a 
jumping off point to illustrate the advantages of using survivorship and mortality measures based on 
life tables he constructed to assess the effects of tobacco use [9]. His work is cited in a seminal case 
that led to the regulation of tobacco products [24].
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Person Years of Exposure and The 
Population-based Surveillance Data

“Person-years” of exposure (to death) is an important concept 
underlying the construction of a life table. Note that the study by 
Paulukonis et al. [2], assembled data over a five year period, 2004 
to 2008. A person enrolled in the study in 2004 who lived until 
its conclusion in 2008 had approximately five “person-years” of 
exposure to dying. A person enrolled in 2006 who lived to the 
study’s conclusion in 2008 had approximately three person-years of 
exposure. A person who enrolled in the study in 2005 and died in 
2007 had approximately three person-years of exposure. Without 
having adjusted for the number of person-years, the data in the table 
found in Paulukonis et al. [2], represent one person-year of exposure 
for each of the 12,143 patients in the study. This means that a life table 
constructed from these data will produce life expectancy estimates 
that are too low because the number of deaths relative to person-years 
of exposure to the risk of dying is too high.

One would need to know the exact number of person years for 
each of the 12,143 SCD patients in the study in order to construct 
a precise life table from the data [2]. That is, we would need to 
know when they entered the study and when they left it, whether 
by death during the study period or survived to the end of the study 
period. These data are neither available from the Paulukonis et al. 
[2], publication in summary nor individual form [2]. Moreover, it 
is unlikely that somebody not directly involved in the study could 
obtain them expeditiously because they are subject to patient 
confidentiality. Access to these individual records, if even possible, 
would inevitably require permissions obtained by going through one 
or more institutional review boards and this would likely take some 
time, possibly months, before decisions are made about access.

However, all is not lost in the absence of having exact person-
years for each patient. One way to compensate for downward bias 
inherent a life table constructed directly from the mortality data in 
question is to construct a life table from the same data that produces 
life expectancy estimates that are biased upward and then averaging 
the results of the two estimates. We can do this by assuming each 
of the patients have five person-years of exposure. That is, we can 
assume each patient enrolled at the start of the study in 2004 and 
stayed with it until its end in 2008, noting that for the 615 patients 
who died, this would mean that all of them did so at the same time at 
the very end of the study. This approach also assumes that the low and 
the high biases in the data collection are symmetric.

An estimate of these person-years can be made by multiplying 
the patients in the study by five, respectively, by age group. This 
will create a life table that produces life expectancy biased upward 
because the age-specific mortality rates used to construct the life table 
will be biased downward: They will consist of age-specific deaths 
(numerators) that remain constant while the number of patients in 
each age group (denominators) is increased five-fold.

Thus, these two life tables represent extremes, one producing life 
expectancy estimates that are too low and the other producing ones 
that are too high. Having downward bias in one set and upward bias 
in the other, leads immediately to a tractable method for producing 
a set of reasonably unbiased life expectancy estimates. The path 
forward is to use a well-known method designed to reduce error 
in the measurement of a variable of interest: An arithmetic average 
[25]. By averaging the age-specific mortality rates based on one year 

of exposure with the age-specific mortality based on five years of 
exposure, we can construct a life table that approximates the average 
exposure of the population.

A Life Table for the Population-based 
Surveillance Data that Approximates Person 
Years of Exposure

As noted in the preceding discussion, in order to calculate a life 
table that approximates the actual person-years of exposure in the 
population-based surveillance study, three tables are needed that 
represent a set of age-specific mortality rates based; (1) on the age-
specific, all-cause mortality data found in the table on page 131, which 
implicitly is an assumption of one-person year lived by each person 
in the study; (2) all-cause mortality data found by multiplying the 
number of patients in each age group by five and dividing this result 
into the deaths reported by age to obtain an age-specific mortality 
rate that assumes five person years of exposure for each person; and 
(3) all-cause mortality data that are found by averaging the results 
of steps (1) and (2), which approximates the actual person-years 
in the study. These results are found in the following three tables, 
respectively (Tables 1-3).

Discussion of these Results
The 12,000 or so patients in the surveillance study represent about 

12 percent of the US population estimated to have SCD. Even though 
the study population was not statistically selected from the US SCD 
population as a whole, its size suggests that it is reasonable to assume 
that it is representative of the US population with SCD. Given this 
assumption, Table 3 suggests that newborns with SCD can expect to 
live approximately 48 years. Those who reach age 45, however, can 
expect to live nearly 18 years while those who reach age 55 can expect 
to live nearly 15 additional years.

Keeping in mind that the life table is for both sexes combined 
and, again, assuming that it represents the US population with SCD, 
it is useful to compare its estimated life expectancy at birth (48.04 
years) to the US population as a whole that corresponds to 2006, the 
mid-point of the data collection period reported by Paulukonis et al. 
[2]. The 2006 life table for the US population, all races and origins, 
and both sexes combined shows that a newborn could expect to live 
approximately 77.7 years [26]. Rounding the life expectancy values to 
whole numbers, this represents a difference of about 30 fewer years at 
birth circa 2006.

In terms of the probability of survival, newborns with SCD 
had approximately a 35 percent chance of reaching age 55 in 2006 
(where .35 ≈ 35,395/100,000, as found in the lx column of the life 
table shown as Table 3). For the US population as a whole, newborns 
have approximately a 92 percent chance of reaching age 55 in 2006 
(where .92 ≈ 91,063/99,409, per Arias, Table 1) [26]. These differences 
are striking. Even with the advances made in identifying SCD early 
and treating it, they suggest that much remains to be done if SCD 
patients are to achieve equity with the US population as a whole in 
life expectancy and survivorship, a point to which I return in the 
conclusion [2-4].

Comparison with the SCD Life Table 
Generated by Cohort Simulation

The study by Lubeck et al. [5], reports that its life expectancy 
estimated were constructed via cohort simulation modeling, which 
was used to: build a prevalent SCD cohort and a matched non-SCD 
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cohort; identify utility weights for quality-adjusted life expectancy; 
and model life expectancy. In addition, this study examined income 
and SCD life expectancy. The data employed in this study are the 
same data in the study by Paulukonis et al. [2]. Thus, the date of this 
study conforms to time point for the estimated life expectancy I have 
constructed.

Given the wealth of information provided by Lubeck et al. [5], 
my purpose here is to not to review their work in depth, but two 
observations are useful at this point. First, they estimate that the life 

expectancy of the SCCD population at birth is 54 years while I estimate 
it is 48 years. Second, because differences in life expectancy at birth 
are largely due to infant mortality, their methods clearly generated a 
higher level of infant survivorship, which may be appropriate, a point 
I return to in the conclusion.

For the total U.S. overall life expectancy at birth in the United 
States in 2006 was 77.7 years [26]. The two estimates for the SCD 
population of 48 and 54 years at birth suggest that they have between 
30 to 24 years less to live at birth than the total U.S. po. As someone 

Age 
Interval

SCD 
Deaths**

No of SCD Patients 
male and Female

Death 
Rate

Proportion Dying 
in interval

Number Living 
to  age x

Number dying 
in interval

Number of years 
lived in intervals

Total years 
lived to age x

Life Expectancy 
at age x

nmx nqx lx ndx nLx Tx ex

0-4 13 1,738 0.00748 0.03671 1,00,000 3,671 4,90,766 31,25,306 31.25

5-14 18 2,686 0.0067 0.06482 96,329 6,244 9,31,723 26,34,540 27.35

15-24 68 2,435 0.02793 0.24366 90,085 21,950 7,86,002 17,02,817 18.90

25-34 101 1,986 0.05086 0.39864 68,135 27,161 5,34,085 9,16,815 13.46

35-44 139 1,496 0.09291 0.60511 40,974 24,794 2,66,844 3,82,730 9.34

45-54 142 1,097 0.12944 0.72595 16,180 11,746 90,742 1,15,886 7.16

55-64 81 474 0.17089 0.81893 4,434 3,631 21,250 25,144 5.67

65-74 32 164 0.19512 0.8579 803 689 3,530 3,894 4.85

75+ 21 67 0.31343 1 114 114 364 364 3.19

Table 1: Life table for sickle cell patients, male and female, 2004-2009 (Assumes one person year of exposure).

Patient and mortality data taken from Paulukonis et al. [2]
The life table was created using Fergany's method [30]

Age 
Interval

SCD 
Deaths**

No of SCD 
Patients male 
and Female

Death 
Rate

Proportion Dying 
in interval

Number Living 
to  age x

Number dying in 
interval

Number of years lived 
in intervals

Total years 
lived to age x

Life Expectancy 
at age x

nmx nqx lx ndx nLx Tx ex

0-4 13 8,690 0.0015 0.00745 1,00,000 745 4,98,135 58,73,725 58.74

5-14 18 13,430 0.00134 0.01331 99,255 1,321 9,85,926 53,75,590 54.16

15-24 68 12,175 0.00559 0.05432 97,933 5,320 9,52,487 43,89,664 44.82

25-34 101 9,930 0.01017 0.09671 92,614 8,957 8,80,593 34,37,177 37.11

35-44 139 7,480 0.01858 0.16958 83,657 14,187 7,63,438 25,56,584 30.56

45-54 142 5,485 0.02589 0.22809 69,470 15,845 6,12,058 17,93,146 25.81

55-64 81 2,370 0.03418 0.28949 53,625 15,524 4,54,214 11,81,088 22.03

65-74 32 820 0.03902 0.32311 38,101 12,311 3,15,461 7,26,874 19.08

75+ 21 335 0.06269 1 25,790 25,790 4,11,413 4,11,413 15.95

Table 2: Life table for sickle cell patients, male and female, 2004-2009 with the patient numbers multiplied by 5 to approximate 5 person years lived.

Patient and mortality data taken from paulukonis et al. [2]
The life table was created using Fergany's method [30]

Age 
Interval

SCD 
Deaths**

No of SCD 
Patients male and 

Female

Death 
Rate

Proportion Dying 
in interval

Number Living 
to  age x

Number dying 
in interval

Number of years 
lived in intervals

Total years 
lived to age x

Life Expectancy 
at age x

nmx nqx lx ndx nLx Tx ex

0-4 13 5,124 0.00249 0.01239 1,00,000 1,239 4,96,896 48,03,553 48.04

5-14 18 8,058 0.00223 0.02209 98,761 2,182 9,76,662 43,06,656 43.61

15-24 68 7,305 0.00931 0.08889 96,579 8,585 9,22,206 33,29,994 34.48

25-34 101 5,958 0.01695 0.15593 87,995 13,721 8,09,406 24,07,789 27.36

35-44 139 4,488 0.03097 0.26634 74,274 19,782 6,38,729 15,98,382 21.52

45-54 142 3,291 0.04315 0.35045 54,491 19,097 4,42,586 9,59,653 17.61

55-64 81 1,422 0.05696 0.43426 35,395 15,371 2,69,838 5,17,068 14.61

65-74 32 492 0.06504 0.47817 20,024 9,575 1,47,214 2,47,229 12.35

75+ 21 201 0.10448 1 10,449 10,449 1,00,015 1,00,015 9.57

Table 3: Life table for sickle cell patients, male and female, 2004-2009 with the patient numbers averaged to obtain approximate person years lived.

Patient and mortality data taken from Paulukonis et al. [2]
The life table was created using Fergany's method [30]
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once noted, differential life expectancy is the ultimate inequality.

Concluding Remarks
In conclusion, the life table shown as Table 3 assumes that the 

population studied by Paulukonis et al. [2] is representative of the 
US SCD population circa 2006. The same assumption holds for life 
table generated via cohort simulation because it is based on the 
same data [5]. Given the fact that these two very different methods 
using the same data generate life expectancies that differ by only six 
years, it appears that in the absence of the data required to construct 
a life table using traditional methods, using the method outlined in 
this paper in regard to data found in clinical studies as well as the 
cohort simulation method can be used. Of course, not all clinical 
studies report data that can be so used and it may not be possible 
to construct cohort simulations for all populations. However, where 
possible, these two tools would appear to improve our knowledge 
about mortality associated with a wide range of conditions, many of 
which do not show high prevalence rates in the total U.S. population 
and elsewhere. An example of the former is found in Abelin which, 
as noted earlier, had a profound impact on regulations aimed at 
decreasing cigarette use [9].

Returning to the issue of achieving parity with the US population 
as a whole, the health and survival of children with sickle cell disease 
have improved considerably with the advent of newborn screening, 
penicillin prophylaxis, pneumococcal immunization, and education 
about disease complications [27]. From this perspective, it may be 
the case that the period life expectancy estimates I generated from 
the study by Paulukonis et al. [2] are biased downward because they 
represent older cohorts that did not have the same levels of screening, 
treatment, and education as those who were younger. This example 
of “hidden heterogeneity” implies that the youngest cohorts will live 
longer than the life tables imply [28]. To some extent this may have 
been picked up in the cohort simulation approach in that it estimates 
that the SCD population has six more years of life expectancy at birth 
than the estimate I generated. However, both estimates are consistent 
with an observation that the average projected lifespan of affected 
adults (those in the older cohorts) has not improved beyond the fifth 
decade [27]. As these older cohorts are replaced by the younger ones, 
the projected life spans of affected adults can be expected to improve, 
an achievement due to efforts such the Sickle Cell Data Collection 
(SCD) program, which received $1.2 million in funding in 2019 
[29,30].
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