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Abstract
Objective: To determine whether persons who incur a spinal cord injury as children are at increased risk
of mortality compared with persons injured as adults given comparable current age, sex, and injury
severity.

Methods: A total of 25,340 persons admitted to the National Spinal Cord Injury Statistical Center database
or the National Shriners Spinal Cord Injury database who were not ventilator dependent and who survived
more than 2 years after injury were included in this study. These persons contributed 274,020 person-years
of data, with 3,844 deaths, over the 1973–2004 study period. Data were analyzed using pooled repeated
observations analysis of person-years. For each person-year the outcome variable was survival/mortality, and
the explanatory variables included current age, sex, race, cause of injury, severity of injury, and age at injury
(the focus of the current analysis).

Results: Other factors being equal, persons who were less than 16 years of age at time of injury had a 31%
(95% CI¼ 3%–65%) increase in the annual odds of dying compared with persons injured at older ages (P¼
0.013). This increased risk did not vary significantly by current age, sex, race, injury severity, or era of injury
(P . 0.05).

Conclusion: Life expectancy for persons injured as children appears to be slightly lower than that of
otherwise comparably injured persons who suffered their injuries as adults. Nonetheless, persons who are
injured young can enjoy relatively long life expectancies, ranging from approximately 83% of normal life
expectancy for persons with minimal deficit incomplete injuries to approximately 50% of normal in high-
cervical-level injuries without ventilator dependence.
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INTRODUCTION

Survival after spinal cord injury (SCI) has been extensively

studied, and a large body of literature from around the

world is available (1–19). Much is known about the

factors affecting survival and the magnitude of their

effect. One factor that has not been adequately studied,

however, is the effect of being injured as a child. Longer

duration of injury for comparable current age for those

injured during childhood may increase mortality because

of the prolonged period of exposure to both SCI-related

complications and general health issues related to the

relatively sedentary SCI lifestyle. People injured as

children are at risk for the same complications as those

with adult-onset SCI. Additionally, pediatric SCI has

unique complications, such as scoliosis, which may affect

survival because of its effect on pulmonary function and

seating, thereby increasing risk of respiratory complica-

tions and pressure ulcers (20–28). Therefore, the purpose

of the present study was to determine whether injury

during childhood is a significant predictor of long-term

survival after SCI. It is hypothesized that adults with SCI

who were injured as children are subject to higher annual

mortality rates than persons who were injured as adults,

given comparable current age, gender, race, cause of

injury, and injury severity.
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METHODS
Study Population
The study population included a consecutive series of
persons with traumatic SCI who were treated at any of 25
model SCI systems or 3 Shriners Hospitals for Children
SCI units located throughout the United States. All data
were submitted to the National Spinal Cord Injury
Statistical Center (NSCISC) for inclusion in either the
model system NSCISC database or a comparable
National Shriners SCI (NSSCI) database.

Detailed descriptions of the history, eligibility criteria,
data collection protocol, data quality control procedures,
and current status of the NSCISC database have been
published previously (29,30). This is the largest and most
comprehensive source of data on SCI available. The
database for survival studies, such as the one used in the
present study, is larger still, as it has somewhat less
restrictive eligibility criteria (3–6) than the NSCISC
database does. Briefly, to be included individuals must
have had a clinically discernible degree of neurologic
(spinal cord) impairment after a traumatic event and
been treated at a model SCI system.

To be included in the NSSCI database, individuals
must have (a) had a clinically discernible degree of
neurologic (spinal cord) impairment after a traumatic
event (nontraumatic cases in the NSSCI database were
excluded from this study), (b) been treated at a Shriners
Hospitals for Children SCI unit, and (c) been 21 years of
age or younger at the time of treatment. Data collection
and quality control procedures for the NSSCI database
are similar to those of the NSCISC database (31).

For purposes of this study, the NSCISC survival
database and the NSSCI database were merged, and
duplicate patients were removed based on either
matching Social Security numbers or matching names
and dates of injury. As persons who were ventilator-
dependent (defined as requiring partial or total respira-
tory mechanical support on a long-term daily basis) made
up less than 1% of the population and will be reported on
elsewhere, they were excluded from the final data set
used for this study.

Data Collection
Date of death was reported to the NSCISC by the data
collectors at each hospital whenever, in the course of
their routine follow-up data collection activities, they
determined an individual to be deceased. In addition,
during March and April 2004 the staff of the NSCISC
checked on the survival status of persons in both
databases by searching the Social Security Death Index
(SSDI) online at www.ancestry.com. Persons not report-
ed as deceased by the model system or Shriners Hospitals
for Children SCI unit and not found in the SSDI were
assumed alive on January 1, 2004. The SSDI has
previously been found to be 92.4% sensitive and 99.5%
specific for persons in the NSCISC database (6).

Sensitivity and specificity of the SSDI for children in the
NSSCI database has not been formally tested.

Factors Related to Survival
The following items were investigated as possible
predictors of mortality:

� Level and grade of spinal cord injury. The neurologic
examination was performed just prior to model system
discharge in accordance with the most current version
of the International Standards for Neurological Classi-
fication of SCI (32). Neurologic level of injury was
defined as the most caudal segment of the spinal cord
with normal sensory and motor function on both sides
of the body. The American Spinal Injury Association
(ASIA) Impairment Scale was used to categorize the
extent of injury as either neurologically complete
(Grade A), incomplete with sensory but not motor
function preserved through the S4-S5 segment (Grade
B), incomplete with motor function preserved and
more than half of key muscles below the neurologic
level having a grade less than 3 out of 5 (Grade C),
incomplete with motor function preserved and at least
half of key muscles below the neurologic level having a
grade of at least 3 out of 5 (Grade D), or normal motor
and sensory function (Grade E).
� Current age.
� Sex.
� Ethnicity. A white/nonwhite classification, as used in

previous work (3,4), was investigated.
� Etiology of injury. We investigated various causes,

including motor vehicle accidents, sporting accidents,
and gunshot wounds. As noted elsewhere (3), an
etiology of violence tends to be associated with poorer
socioeconomic class and nonwhite ethnicity.
� Time since injury. The number of years postinjury for

each person-year of observation that was used in the
analysis.
� Era of injury and current calendar year were each broken

into decades, beginning with 1930. The latter is the
subject of a separate study, which demonstrated that,
after the first 3 years post-injury, there was no secular
trend; ie, no effect of current calendar year on survival
(33).
� Age at injury.
� Various interactions with age at injury. As the objective of

this study was to examine whether those injured as
children have higher subsequent mortality in adulthood
compared to those injured as adults, additional analyses
were conducted to determine whether the impact of
young age at injury on the likelihood of mortality
differed by current age group, era of injury, sex, and
level/grade of injury. That is, analyses were performed
to determine whether the main effect of young age at
injury on mortality likelihood was modified by other
(confounding) factors.
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Statistical Methods
The pooled repeated observations method was used for
analyzing the data (10). Here the unit of analysis is not a
person, as in many survival analyses, but instead a person-
year. In the person-year data set, each person-year is
associated with a binary variable indicating whether the
person lived or died during that year, and also with the
set of possible explanatory variables (the factors listed
above). Logistic regression analysis (34) was used to
determine which of the factors were associated with
survival. This approach has been widely used in related
work (1,35–37). The use of logistic regression makes
separation of the effects of calendar time, current age,
and time postinjury easier than use of a cohort approach
such as proportional hazards modeling (38). Given that
some persons were admitted to the model SCI system or
Shriners Hospital for Children SCI unit only after many
years had elapsed postinjury, and to avoid the bias that
would be caused by these delayed admissions, only
person-years of observation that occurred after admission
were included in the analyses. As a result, only calendar
years from 1970 through 2004 were included in the
analyses (even though the injury may have been prior to
1970). We further restricted attention to person-years of
observation that were greater than 2 years postinjury so
as to avoid the well-documented high mortality in the
years immediately following the injury (3–6).

Model selection was carried out using Wald and
deviance statistics for nested models, and the Akaike
information criterion otherwise (10,34,35,38,39). The
final logistic regression model was used to compute the
annual probabilities of death for two cases: males with
nonviolent etiology who survived 3 or more years
postinjury and had (a) C5A or (b) paraplegia BC (T1-
S5BC) injuries. These probabilities were converted to
mortality rates for ages 5 to 75 years. At ages 76 and
older, a separate model was used (19). The entire
schedule of rates was used to construct a standard life
table (40,41), from which the life expectancies (average
number of additional years of life in a large group of
similar persons) were obtained. Figures for the age- and
sex-matched general population (42) are shown for
comparison.

RESULTS
After exclusion of data on (a) postinjury follow-up years 1
and 2, (b) all ventilator-dependent persons, and (c)
calendar years prior to either model SCI system or
Shriners Hospitals for Children SCI unit admission, the
final study population included 25,340 persons and
274,020 person-years of follow-up. There were 3,844
deaths during the study period. The average age at injury
was 32 years.

Table 1 shows some demographic and injury
characteristics for the 2,373 persons injured under age
16 years who were included in the study. As indicated
previously, this subpopulation was the primary focus

group of this study. A thorough epidemiologic descrip-

tion of the childhood SCI population was recently

published (31), and the interested reader is referred

there for further details.

Table 2 shows the distribution of person-years by

current age and age at injury. As expected, the

Table 1. Characteristics of 2,373 Persons Injured Before
Age 16 Years Who Were Not Ventilator Dependent

Variable Percentage

Sex
Male 63
Female 37

ASIA Impairment Scale Grade
A 56
B 10
C 8
D 19
E/Other 7

Neurologic Level
C1-C4 11
C5-C8 29
T1-T12 46
S1-L5 12
Unknown 2

Race
White 70
African American 13
Hispanic 12
Other 4

Center
Shriners 48
Model SCI System 52

Decade of injury
1930–1939 0
1940–1949 0
1950–1959 0
1960–1969 1
1970–1979 18
1980–1989 30
1990–1999 50

Time to admission into system
Within 1 day 16
1 day to 1 month 25
1 month to 1 year 31
1 year to 2 years 10
More than 2 years 18

Cause of Injury
Motor vehicle crash 43
Sports 18
Violence 16
Medical/surgical event 12
Fall 7
Other 5
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preponderance of data is from persons injured at ages 15
years and older. Nevertheless, there are sufficient data on
those injured as children to investigate the impact of
injury at a young age on long-term mortality.

Based on the logistic regression modeling of person-
years, the following factors were significantly associated
with survival: current age, sex, etiology of injury
(violence), and level/grade of injury (P , 0.05). Levels
were found to be best categorized into 5 groups: high
tetraplegia (C1-C3), mid tetraplegia (C4 and C5,
separately), low tetraplegia (C6-C8), and paraplegia
(T1-S5). Grade was best divided into 3 groups: A, B/C,
and D/E. The 5 level-specific categories of grade D/E
were not significantly different, and were thus com-
bined, making 11 distinct groups. Five- or 10-year age
groups were created, with age 20 to 24 years used as
the reference group. Personal violence was the only
etiology of injury that had significant predictive value.
All other causes were therefore combined into a single
reference group. Time since injury did not have an effect
on survival after 2 years. We shall return to this finding
in the Discussion. Race and decade of injury did not
have a statistically or practically significant effect once
the above factors were considered (P . 0.05) and were
thus dropped from further consideration. We did not
find any statistically significant interactions among the
factors. The final logistic regression model is shown in
Table 3.

There was no statistically significant difference in
survival between those injured at ages 0–4, 5–9, and 10–
15 years (P . 0.05), and there did not appear to be a
trend with age, but the data were relatively sparse in the
first 2 age groups and thus those specific comparisons
had low statistical power. The 3 age-at-injury groups
were therefore combined. The composite group had a
31% increased likelihood of dying in any given year
following injury (odds ratio¼ 1.31, 95% CI¼ 1.03–1.65;
see Table 3). The P-values shown in Table 3 are for 2-
sided hypothesis testing. As our null hypothesis here was
that persons injured young are at a higher risk, a 1-sided
test, the P-value for our comparison is 0.026/2 ¼ 0.013.

There were no statistically or practically significant
interactions between young age at injury and any of the
other prognostic factors (P . 0.05). That is, the effect of
young age at injury did not appear to vary by current
age, gender, race, cause of injury, level of injury, grade of
injury, time since injury, or era of injury.

The model of Table 3 was used to compute life
expectancies for 2 common cases: males with C5A or
paraplegia BC (T1-S5BC) lesions. Table 4 shows these life-
expectancies along with those of the general population.
As can be seen, the odds ratio of 1.31 — 31% increased
risk of death — has an appreciable effect on life
expectancy. Life expectancies of persons injured young
are several years lower than those of otherwise compa-
rable persons who were injured at older ages. As
expected, greater severity of impairment is also associat-
ed with lower life expectancies.

DISCUSSION
The results of this study confirm the hypothesis that
persons injured as children have higher mortality as
adults, compared with those injured as adults. This
difference persists even after controlling for other factors
(current age, gender, race, etiology of injury, time since
injury, severity of injury, and decade of injury).

There are 2 possible alternative explanations for these
findings. First, it might be suggested that the decade of
injury accounts for the extra risk of mortality experienced
by children, medicine being much better now than
previously. However, decade of injury seems to affect
survival only in the first few years after injury
(3,10,33,43).

Second, it is possible that the difference is due to the
long-term deleterious effects of a SCI. If this were true, a
relationship between time since injury and the current
mortality rate would be expected. However, as in
previous studies (1,10,33,43), there did not appear to
be such an effect: after the first 2 years postinjury, time
since injury did not affect current survival.

Complications characteristic of pediatric-onset SCI
may contribute to the extra morbidity and mortality in
this group of patients. Nearly all children injured prior to
skeletal maturity (roughly ages 11–13 years) will develop
scoliosis, and approximately two thirds will experience
scoliosis severe enough to require surgical correction (20–
22). Pulmonary complications may be increased in
individuals injured as children because of restrictive lung
disease that occurs as a consequence of scoliosis (23). In
addition, because of their neurologic deficits, children
with SCI may be at greater risk for recurrent respiratory
infections, which may affect pulmonary development in
the growing child. Further, infants and young children
with tetraplegia may be at risk of incipient respiratory
failure, which may be manifested as sleep-disordered
breathing (24). Hip dislocation is common among
children injured prior to age 10 years and may result in
uneven sitting that could increase the incidence of

Table 2. Distribution of Person-years by Current Age and
Age at Injury

Current
Age (y)

Age at Injury (y)

0–4 5–9 10–14 �15

0–9 539 276 0 0
10–19 506 907 2,203 2,286
20–29 205 439 3,140 60,669
30–39 8 101 1,170 88,020
40þ 0 0 83 78,951
Total 1,258 1,723 6,596 264,443
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pressure ulcers (25–28). Lastly, there may be unknown
effects of SCI on individuals injured as children, such as
metabolic effects (metabolic syndrome), or issues related
to internal organ development (kidneys or lungs that
sustain infections during their growth for example),
though there does not appear to be published evidence
on these.

Limitations
The present study has several limitations. First, the
NSCISC and NSSCI databases are not population based.
They only capture data from approximately 13% to 15%
of the persons who have sustained SCI in the US, and
only from persons who are treated at model systems (29).
It is possible that persons who are not treated at model

Table 3. Logistic Regression Model of the Yearly Probability of Dying*

Variable Parameter Estimate Odds Ratio (OR)
95% Confidence

Interval P-Value

Intercept –6.2584 ,0.0001
Male 0.2385 1.27 1.16–1.38 ,0.0001
Violence 0.1516 1.16 1.06–1.28 0.0020

C1C3A 1.4848 4.41 3.17–6.15 ,0.0001
C4A 1.3044 3.69 3.18–4.27 ,0.0001
C5A 1.0684 2.91 2.53–3.35 ,0.0001
C6C8A 0.7265 2.07 1.82–2.35 ,0.0001
T1S5A 0.5082 1.66 1.52–1.82 ,0.0001
C1C3BC 0.9157 2.50 1.66–3.76 ,0.0001
C4BC 0.7180 2.05 1.70–2.47 ,0.0001
C5BC 0.5908 1.81 1.52–2.14 ,0.0001
C6C8BC 0.5706 1.77 1.52–2.06 ,0.0001
T1S5BC 0.4914 1.63 1.44–1.86 ,0.0001

Ages 0–14 –0.3104 0.73 0.33–1.61 0.4410
Ages 15–19 –0.4447 0.64 0.37–1.12 0.1184
Ages 25–29 0.1528 1.17 0.92–1.48 0.2094
Ages 30–34 0.5389 1.71 1.37–2.14 ,0.0001
Ages 35–39 0.8464 2.33 1.87–2.90 ,0.0001
Ages 40–44 1.1438 3.14 2.52–3.91 ,0.0001
Ages 45–49 1.3906 4.02 3.22–5.02 ,0.0001
Ages 50–54 1.7373 5.68 4.54–7.11 ,0.0001
Ages 55–59 2.0379 7.67 6.11–9.64 ,0.0001
Ages 60–69 2.4925 12.1 9.75–15.0 ,0.0001
Ages 70–79 3.3223 27.7 22.2–34.6 ,0.0001
Ages 80–89 3.7515 42.6 32.8–55.2 ,0.0001
Ages 90þ 4.5283 92.6 59.8–143 ,0.0001
Injured Young 0.2666 1.31 1.03–1.65 0.0261

*The reference age group is 20–24 years.

Table 4. Life Expectancies for Males Who Are 2 or More Years Postinjury, With Nonviolent SCI Etiology

Age (y) GP

C5A Paraplegia BC

Injured Age
, 16 y

Injured Age
� 16 y

Injured Age
, 16 y

Injured Age
� 16 y

5 70.1 42.2 — 50.8 —
10 65.2 38.6 — 46.7 —
20 55.5 30.8 34.2 38.2 41.7
30 46.2 23.5 26.5 30.1 33.3
50 28.2 11.9 13.9 16.4 18.8
70 13.1 4.2 5.1 6.4 7.8
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systems experience different short-term and long-term
mortality rates and that the effect of age at injury on
mortality rates for those persons might be different than
for persons who are treated at model systems.

Another limitation is that the NSCISC database does
not include information on many factors such as smoking
history, associated injuries, or pre-existing major medical
conditions that might be of prognostic importance in
determining life expectancy. However, it is unlikely that
these confounding factors would lead to an over-
estimation of the effect of age at injury on mortality that
was observed in this study.

As noted, the SSDI is 92.4% sensitive in identifying
deceased persons with SCI. Although this was not the
only method of identifying deceased persons, it is likely
that a few persons who died were misclassified as alive,
thereby causing a slight overestimation of life expectan-
cy. In a recent study of deceased persons with traumatic
brain injury, it was found that young age, being
unmarried, and being female all significantly decreased
the sensitivity of the SSDI (44). Therefore, both the
underestimation of the mortality odds ratios and the
overestimation of the life expectancy are likely to be
greater for young persons, as well as persons whose
injuries occurred at younger ages, than for older persons.

Further, there have been losses to follow-up in the
two databases. This is particularly true for the NSSCI
database, where the data collection protocol limits
follow-up to persons whose current age is 21 or younger.
When there was sufficient identifying information, these
persons were followed after age 21 years through use of
the SSDI, but this was not always possible. A previous
study of losses to follow-up in the NSCISC database
revealed that persons who were lost were more likely to
have less severe injuries and be nonwhite (45). However,
while these losses to follow-up might bias overall risk
levels and life expectancy estimates, they are unlikely to
bias the relationships between prognostic factors and
mortality risk.

It might be expected that, other things being equal,
mortality would be higher for those who have been
injured for a very long time. For example, one might
expect that a 60-year-old man injured at age 20 years
would have a worse prognosis than one injured at age 50
years. The former would have a longer time to develop
various SCI complications (such as pressure ulcers and
urinary tract infections), as well as increased complica-
tions of aging (cardiovascular and metabolic) as a result
of a relatively sedentary lifestyle. Somewhat surprisingly,
we did not observe such an effect. It may be, however,
that the length of follow-up — at most 35 years — was
not sufficient to examine this hypothesis.

Finally, the definition of young age at injury that was
used in this study — age 15 years or less — is rather
arbitrary. It is unlikely that there is a large change from
ages 14 to 16 years at injury. Rather, one would expect a

gradient: the younger the age at injury, the higher the
mortality odds ratio, though we did not find sufficient
evidence of such. The limited sample sizes at young injury
ages, however, precluded further evaluation of any
possible gradient for age at injury and mortality risk.

CONCLUSIONS
Injury at a young age portends higher mortality and,
thus, lower life expectancy, than does injury sustained
during adulthood. The reasons for this are not well
documented. Further detailed study of the various causes
of morbidity and mortality in this population would be
helpful.
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