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Abstract
Study design Prospective cohort study.
Objectives: Identify the risk and protective factors of all-cause and cause-specific mortality among persons with traumatic
spinal cord injury (SCI).
Setting Rehabilitation specialty hospital in the Southeastern United States.
Methods A prospective cohort study was conducted with 3070 adults with traumatic SCI who were a minimum of 1 year
post-injury at assessment. Prospective data were collected in 1997–1998 and 2007–2010, with mortality determined as of 31
December, 2016. The deceased were classified into six categories based on underlying cause of death: septicemia, pneu-
monia and influenza, cancer, heart and blood vessel diseases, unintentional injuries, and all other causes. The competing risk
analysis strategy applied to each of the specific causes.
Results There were a total of 803 observed deaths among the 2979 final study sample. After controlling for demographic
and injury characteristics, general health, pressure ulcer history, and symptoms of infections were significantly associated
with all-cause mortality. Except for cancer, they were also related with at least one of the specific causes of death, whereas
orthopedic complications and subsequent injuries were unrelated to any cause.
Conclusions Three health domains, global health, pressure ulcers, and symptoms of illness or infection, were significantly
associated with mortality after SCI, and the patterns of association varied as a function of specific cause of death.

Introduction

Individuals with spinal cord injury (SCI) have an increased
risk of mortality compared to the general population [1–4].
Despite advancements in acute survival [1, 2, 5], mortality
rates for those with chronic injury ( > 1 year) have not
improved since the 1980s [3, 6]. Several specific causes and
risk factors contribute to the excess mortality and reduced
life expectancy observed in individuals with chronic SCI.
The leading causes of death, based on data from the 2017
SCI Model Systems Annual Report, include diseases of the
respiratory system (22%; 65% of which are pneumonia),
infectious and parasitic disease (12%; 90% of which are
cases of septicemia), cancer (10.2%), hypertensive and

ischemic heart disease (10%), other heart disease (8.4%),
and unintentional injuries (6.6%) [3]. These prevalence
rates differ somewhat from recent reports from other
countries; however, the leading causes of death remain
relatively consistent [7–9]. In the United States, while it
appears that mortality rates are declining for some causes
(e.g., diseases of the cardiovascular system, cancer, and
stroke), increases in the prevalence rates of other causes
(e.g., unintentional injuries) are offsetting overall gains in
life expectancy [10]. No change in deaths due to respiratory
issues or septicemia have been reported. These trends in
mortality highlight the need for continued examination of
the factors that contribute to cause-specific mortality in
those with chronic SCI.

Much of the research on mortality after SCI has been
limited to all-cause mortality and the demographic and
injury characteristics influencing survival. Elevated risk of
mortality is associated with injury severity, specifically
higher neurologic level and completeness of SCI, older age
at injury, and etiology of injury [4, 11, 12]. Significant
disparities in mortality and survival based on SCI
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characteristics were recently reported. These disparities
increased with longer time since injury [11]. The authors
concluded there is a need to further investigate cause-
specific mortality and modifiable health factors that con-
tribute to the observed disparities.

Modifiable risk factors have been previously studied.
Based on the Theoretical Risk and Prevention Model
(TRPM) developed by Krause et al. [13, 14], associations
between mortality and diverse classes of risk factors have
been identified in individuals with chronic SCI. Extending
beyond basic demographic and injury factors directly rela-
ted to mortality, the multi-stage TRPM provides a frame-
work for successive sets of potentially modifiable risk and
protective factors for mortality, including psychological and
socio-environmental factors, behavioral factors, and health
and secondary conditions. Health factors are the immediate
risk factors of mortality [14]. These sets of factors
have been the focus of several studies of mortality after SCI
[15–26], but have only recently begun to be examined in
relation to cause-specific mortality [15].

Considering the shift in the leading causes of death
among those with SCI and the continued high rates of
respiratory and septicemia-related deaths, it is important to
understand how specific factors, beyond demographic and
SCI characteristics, may influence cause-specific death. An
earlier multi-stage analysis, using a prospective cohort
design, assessed the relationship between health factors and
elevated risk of all-cause mortality [19]. Several health
outcomes were associated with mortality. General health
indices, treatments, subsequent injuries, probable major
depression, pressure ulcers, and several outcomes within the
biologic domains of symptoms of SCI complications and
irreversible conditions were significantly associated with
elevated hazard of mortality. Only selected health factors
that predicted the greatest amount of unique variance were
included in the final model. Days spent in the hospital,
number of infection symptoms, fracture or amputation since
injury, pressure ulcer repair surgeries, and probable major
depression were all significantly associated with a higher
hazard of mortality in the final model [19]. Subsequent
studies have supported these health factors, as well as his-
tory of chronic pressure ulcers, as predictors of mortality
among those with chronic SCI [15, 22, 27].

Studies linking multiple risk factors, beyond demo-
graphic and injury characteristics, with cause-specific
mortality have been rare. A recent analysis of existing
data from the SCI Model Systems identified several health-
related factors of cause-specific mortality [15]. Unfortu-
nately, the findings are limited by retrospective analysis of
existing data. The authors indicate the need for cohort stu-
dies “with a wider range of predictive factors, particularly
health and environmental factors that may directly affect
hazard of mortality” [15, p. 1677]. Another study identified

risk factors for a highly specific cause of death, uninten-
tional deaths due to drug poisoning (i.e., overdose), finding
several behaviors and a personality trait reflective of
impulsivity related to an elevated risk of mortality [28].
Clearly, prospective studies are needed to identify pre-
dictors of cause-specific mortality.

Purpose

Our purpose was to identify risk and protective health
factors associated with all-cause and cause-specific mor-
tality after SCI. This study builds upon previous research by
using five health factors identified in a structural equation
modeling (SEM) analysis of health outcomes as predictors,
after controlling for other demographic and injury char-
acteristics [29]. The objectives were to identify the rela-
tionship of the five health domains (global health, pressure
ulcers, symptoms of illness or infection, orthopedic, and
subsequent injuries) with: (1) all-cause mortality and (2)
specific causes of death, including septicemia, pneumonia
and influenza, cancer, heart and blood vessel diseases,
unintentional injuries, and other causes.

Methods

Participants

Institutional review board approval was obtained prior to
initiating the study. Participants were identified from a
specialty hospital in the Southeastern United States and
enrolled in a prospective cohort study. The inclusion criteria
were minimum of 18 years old at the time of survey, trau-
matic SCI of at least 1 year duration, and having residual
effects resulting from traumatic SCI. They were enrolled
on one of two occasions. The first cohort was enrolled
in 1997–1998 (n= 1386) and the second in 2007–2009
(n= 1684), with a total of 3070 participants. After remov-
ing 46 ineligible participants who were fully recovered and
45 participants missing key time information, the final study
sample was 2979.

Prospective data collection procedures

Letters were sent to potential participants to describe the pro-
spective study and alert them that the self-report assessment
(SRA) was forthcoming. The SRA forms were sent 4–5 weeks
later, with two subsequent mailings along with follow-up
phone calls for non-respondents. If individuals expressed an
interest but had misplaced or discarded materials, another set of
materials was mailed. In 1997–1998, participants were offered
$20 remuneration and were made eligible for drawings totaling
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$1500, whereas they were offered $50 remuneration in 2007–
2009. Of the original cohort of 1386, 863 completed follow-up
measures.

The National Death Index (NDI) of the National Center for
Health Statistics [30] was used for determining mortality and
causes of death. Mortality status was determined as of 31
December, 2016. Based on the International Classification of
Diseases (ICD) codes of underlying cause of death provided by
the NDI, we classified the deceased into six categories: septi-
cemia (A40-A41), pneumonia and influenza (J09-J18), cancer
(C00-D49), heart and blood vessel diseases (I00-I99), unin-
tentional injuries (V01-X59, Y40-Y84, Y88), and all other
causes (ICD-10-CM codes). There were 71 cases (8.8% of total
deaths) for which the underlying cause of death ICD code was
listed as either “Paraplegia and quadriplegia (G82)” or “Other
and unspecified diseases of spinal cord (G95).” In these cases,
their cause of death was reclassified based on clinical judgment
using the reported contributing causes, up to 20 multiple cau-
ses. Two independent experts classified causes of death in these
cases, and a third expert made the final selection in cases where
there was disagreement among the first two.

Measures

The primary variables of interests included five health fac-
tors that were identified from the structural analysis of 25
health outcomes [29]. In that study, exploratory factor
analysis (EFA) was applied to the first-half of the sample,
and then confirmatory factor analysis (CFA) was applied to
the second-half of the sample to cross-validate the EFA
factor structures by specifying the number of factors and the
indicators for each factor a priori. The EFA generated an
excellent fit (root mean square error of approximation=
0.042), while the CFA had an acceptable fit (root mean
square error of approximation= 0.065).

The first factor, global health, included general health rat-
ings, days affected by poor health and poor mental health, and
depressive symptoms; the pressure ulcers factor was comprised
of total number of sores, current sore, reduced days of sitting
due to sore, and surgeries to repair a sore; the symptoms of
illness or infection factor reflected seven symptoms: stomach
problems, bowel accidents, rectal bleeding, urine leaking,
fevers, urinary tract infections, and sweats/chills; the orthopedic
conditions factor included curvature of the spine, amputations,
broken bones, and contracture; the subsequent injuries factor
measured injuries requiring medical attention, total number of
injuries since SCI onset, and hospitalizations for injury. A sixth
factor, treatments, was not used because it reflected types of
treatments (e.g., physician visits, hospitalizations), rather than
conditions or global rankings. As we did not measure total
number of injuries since SCI onset, the subsequent injuries
factor was comprised of injuries requiring medical attention
and the number of hospitalizations for injury.

We standardized each indicator and utilized the sum of
Z-scores as the composite score for all health factors, as the
health domains include multiple items in different metrics
(i.e., it is not possible to provide a summative score without
a transformation). Composite scores combine multiple
health outcome measures, so these health factors are more
informative and stable than individual indicators. Further-
more, they provide consistent and repeatable measures that
were both based on the existing literature and over multiple
measurements within the prospective cohort study.

We also measured gender (male vs. female), race/ethnicity
(non-Hispanic White, non-Hispanic Black, and others), age at
injury, years post-injury, and injury severity (C1–C4 level, non-
ambulatory; C5–C8 level, non-ambulatory; non-cervical, non-
ambulatory; and all ambulatory regardless of injury level).

Analysis

We first compared the demographic, injury characteristics, and
five health factors between survivors and the deceased. The
survival analyses were completed using Cox proportional
hazards regression models with the PHREG procedure in SAS
software version 9.4 [31]. The first Cox model was developed
for the multivariate analyses of all-cause mortality. Besides the
five health factors, we added five demographic and injury
characteristics as the covariates in the Cox model. If a parti-
cipant was measured in both baseline and the follow-up, we
utilized their most recent response. However, if a measure at
the follow-up was missing, we used their baseline measure as
the replacement. All the deceased participants were censored at
the time when the death occurred, and all the other participants
were censored on 31 December, 2016 in our analyses.

We then applied competing risk analysis strategy by using
Cox models to estimate hazard ratios (HRs) separately for
each of the six specific causes of death. In each Cox model,
the other causes were treated as censored at the time when the
other cause occurred (one cause of death removes the indi-
vidual from all the other causes) [32]. The proportional
hazards assumption of each model was evaluated using the
Schoenfeld residuals and found to be tenable. We also
developed the cumulative incidence function (CIF) for every
specific cause of death by using the SAS CIF macro. The CIF
estimated the crude incidence of each specific death cause
while taking competing risks into account [33].

Results

Descriptive and bivariate analysis

Among the 2979 participants, 803 were deceased (27%),
with an average 5.11 years of follow-up. By the end of
2016, there were 2176 survivors with an average 8.90
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follow-up years. The average age was 52 for those surviv-
ing at the study endpoint, and, for those deceased, the
average age at death was 58. The bivariate analyses
(Table 1) indicates the deceased participants were older at
injury, had greater years post-injury, and were more liked to
be male and more severely injured than those who survived.
Compared to the deceased, the survivors had significantly
higher global health scores and lower scores for pressure
ulcers, illness/infections symptoms, and subsequent injuries.
We did not find a significant difference in the orthopedic
condition score between the two groups.

Survival analysis

In the multivariate analyses for all-cause mortality
(Table 2), multiple factors were significantly associated
with mortality, including three of the five health factors.
Compared to ambulatory participants, those who were
non-ambulatory had significantly higher risk of all-cause
mortality. Male gender, age at injury onset, and years post-
injury were also significant risk factors. Race/ethnicity was
not significantly related to mortality.

After controlling for all demographic and injury char-
acteristics, we found higher global health scores were pro-
tective of all-cause mortality, whereas higher scores for
pressure ulcers and illness/infections reflected a higher risk
of all-cause mortality. The relationships between mortality
and orthopedic conditions or subsequent injuries were not
statistically significant.

Table 3 summarizes the association between health fac-
tors and mortality, which varied by specific cause of death.
Pressure ulcers were a significant risk factor for deaths due
to septicemia, heart and blood vessel diseases, unintentional
injuries, and other deaths. The symptoms of illness or
infections were a significant risk factor for death due to
pneumonia/influenza and other deaths. The global health
factor decreased the risk of deaths due to heart and blood
vessel diseases and unintentional injuries. None of the
health factors were significantly associated with death due
to cancer.

The patterns of association with demographic and injury
characteristics also varied as a function of specific cause of
death. Injury severity was a significant risk factor for
each cause of death except for cancer. The strengths of
the relationships varied dramatically and were highest
for pneumonia and influenza (HR= 6.27 for C1–C4,
non-ambulatory) and septicemia (HR= 4.14 for C1–C4
non-ambulatory). Age at injury onset and years post-injury
were significant risk factors for each cause of death, except
for unintentional injuries. Males were more likely to have
died from heart and blood vessel diseases and all other
causes.

Table 1 Descriptive and bivariate analysis

Survivors Deceased p-value

Column (%)

Injury severity < 0.01

C1–C4, non-
ambulatory

8 19

C5–C8, non-
ambulatory

24 31

Non-cervical, non-
ambulatory

35 35

All ambulatory 32 16

Race/ethnicity 0.99

Non-Hispanic White 71 71

Non-Hispanic Black 21 20

Others 9 9

Gender 0.01

Female 25 21

Male 75 79

Mean ± SD

Age at injury 31.53 ± 13.19 38.99 ± 16.30 < 0.01

Years post-injury 11.61 ± 9.24 13.41 ± 9.92 < 0.01

Health factors

Global health 0.18 ± 1.89 −0.48 ± 2.09 < 0.01

Pressure sores −0.44 ± 2.63 1.20 ± 3.64 < 0.01

Symptoms of illness or
infections

−0.22 ± 3.95 0.61 ± 4.47 < 0.01

Orthopedic conditions −0.04 ± 2.84 0.10 ± 3.63 0.26

Subsequent injuries −0.04 ± 1.52 0.11 ± 1.82 0.03

Table 2 Multivariate analysis for all-cause mortality

HR (95% CI)

Injury severity (ref= ambulatory)

C1–C4, non-ambulatory 3.39 (2.67–4.31)

C5–C8, non-ambulatory 2.10 (1.69–2.62)

Non-cervical, non-ambulatory 1.52 (1.22–1.89)

Race/ethnicity (ref= others)

Non-Hispanic White 1.05 (0.82–1.35)

Non-Hispanic Black 0.89 (0.67–1.18)

Gender (ref= female)

Male 1.20 (1.01–1.43)

Age at injury 1.05 (1.04–1.05)

Years post-injury 1.04 (1.03–1.05)

Health factors

Global health 0.96 (0.92–1.00)

Pressure sores 1.10 (1.07–1.12)

Symptoms of illness or infections 1.02 (1.01–1.04)

Orthopedic conditions 1.01 (0.99–1.03)

Subsequent injuries 0.99 (0.95–1.04)

HR hazard ratio, CI confidence interval
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After accounting for the competing risks, we found the
crude incidence for septicemia deaths was 4% at the end-
point of study, 2% for pneumonia and influenza deaths, 5%

for cancer deaths, 12% for heart and blood vessel disease
deaths, 5% for unintentional injury deaths, and 23% for all
the other deaths (Fig. 1).

Table 3 Multivariate analysis for cause-specific mortality

Septicemia (n= 56) Pneumonia and influenza
(n= 45)

Cancer (n= 83)

HR (95% CI) HR (95% CI) HR (95% CI)

Injury severity (ref= ambulatory)

C1–C4, non-ambulatory 4.14 (1.70–10.10) 6.27 (2.39–16.47) 1.18 (0.54–2.57)

C5–C8, non-ambulatory 1.94 (0.82–4.58) 2.77 (1.08–7.12) 1.00 (0.54–1.83)

Non-cervical, non-
ambulatory

1.34 (0.58–3.12) 1.34 (0.50–3.58) 0.83 (0.46–1.49)

Race/ethnicity (ref= others)

Non-Hispanic White 0.95 (0.37–2.43) 1.99 (0.49–8.08) 1.05 (0.48–2.32)

Non-Hispanic Black 1.30 (0.47–3.57) 2.75 (0.63–12.06) 1.18 (0.49–2.82)

Gender (ref= female)

Male 0.72 (0.40–1.28) 0.58 (0.31–1.09) 1.22 (0.72–2.07)

Age at injury 1.05 (1.03–1.07) 1.07 (1.04–1.09) 1.06 (1.05–1.08)

Years post-injury 1.06 (1.03–1.09) 1.05 (1.02–1.09) 1.07 (1.05–1.10)

Health factors

Global health 1.00 (0.86–1.16) 1.02 (0.87–1.21) 0.94 (0.84–1.05)

Pressure sores 1.14 (1.06–1.22) 1.02 (0.93–1.13) 1.04 (0.97–1.12)

Symptoms of illness/
infections

0.99 (0.92–1.06) 1.11 (1.03–1.19) 1.00 (0.94–1.06)

Orthopedic conditions 1.04 (0.79–1.37) 1.22 (0.90–1.67) 1.04 (0.82–1.32)

Subsequent injuries 1.03 (0.89–1.20) 0.93 (0.75–1.15) 0.96 (0.82–1.12)

Heart and blood
vessel diseases (n= 172)

Unintentional
injuries (n= 81)

Other causes
(n= 366)

HR (95% CI) HR (95% CI) HR (95% CI)

Injury severity (ref= ambulatory)

C1–C4, non-ambulatory 2.59 (1.47–4.56) 2.27 (1.07–4.84) 5.00 (3.46–7.23)

C5–C8, non-ambulatory 2.37 (1.47–3.80) 1.60 (0.81–3.14) 2.74 (1.92–3.89)

Non-cervical, non-
ambulatory

1.80 (1.13–2.88) 1.36 (0.71–2.59) 1.88 (1.33–2.67)

Race/ethnicity (ref= others)

Non-Hispanic White 1.12 (0.64–1.97) 1.34 (0.61–2.95) 0.98 (0.69–1.38)

Non-Hispanic Black 1.17 (0.64–2.16) 0.54 (0.20–1.45) 0.65 (0.44–0.98)

Gender (ref= female)

Male 1.65 (1.09–2.51) 1.03 (0.61–1.73) 1.32 (1.01–1.72)

Age at injury 1.06 (1.05–1.07) 1.01 (0.99–1.03) 1.05 (1.04–1.05)

Years post-injury 1.06 (1.04–1.07) 0.98 (0.95–1.01) 1.03 (1.02–1.04)

Health factors

Global health 0.91 (0.84–0.98) 0.90 (0.80–1.01) 0.99 (0.94–1.05)

Pressure sores 1.08 (1.04–1.13) 1.09 (1.02–1.16) 1.12 (1.09–1.15)

Symptoms of illness/
infections

1.01 (0.97–1.05) 1.01 (0.96–1.07) 1.03 (1.01–1.06)

Orthopedic conditions 0.88 (0.74–1.06) 1.16 (0.91–1.47) 0.99 (0.95–1.02)

Subsequent injuries 0.96 (0.87–1.07) 1.04 (0.92–1.18) 1.02 (0.95–1.08)

HR hazard ratio, CI confidence interval
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Discussion

The unique contribution of this study was the investigation
of health domains in relation to cause-specific mortality
after SCI. With the exception of one recent study [15],
existing studies have either measured a small number of
demographic and injury factors in relation to cause-specific
mortality or more diverse factors in relation to all-cause
mortality. The SCI Model Systems study [15] found several
health factors predictive of at least one cause of death,
including self-reported health, hospitalizations, grade 3 or 4
pressure ulcer, pneumonia, and deep vein thrombosis. At
least one of the five health dimensions was predictive of
each cause of death, except for cancer, which was essen-
tially unrelated to SCI (either SCI indices or secondary
health complications). General health, pressure ulcer his-
tory, and symptoms of infections were significantly asso-
ciated with at least one of the causes of death, whereas
orthopedic complications and subsequent injuries were
unrelated to any cause.

The pressure ulcer dimension was strongly associated
with both all-cause and multiple individual causes of mor-
tality (all except pneumonia/influenza and cancer). Previous
research [15] has identified a significant relationship
between grade 3 and grade 4 pressure ulcers and all-cause
mortality, as well as mortality due to infective diseases,
respiratory system diseases, heart and blood vessel diseases,
external causes, and all other causes. The mechanism by

which pressure ulcers may contribute to septicemia is
intuitive, whereas the mechanism by which they relate to
death due to unintentional injury or other causes is less clear
from the current analysis. However, previous research has
suggested some behavioral risk factors, such as binge
drinking, regular smoking, and medication usage, that
contribute to pressure ulcers also contribute to deaths rela-
ted to unintentional injuries and other causes [28, 34]. The
mechanism by which pressure ulcers are associated with
cardiovascular disease mortality may be a more complex
relationship. Among individuals hospitalized with pressure
ulcers, congestive heart failure and myocardial infarction
are associated with increased hazard of mortality [35]. An
increased risk for pressure ulcers has also been reported in
the general population among those with cardiovascular
disease [36] and congestive heart failure [37] and indivi-
duals with SCI with metabolic syndrome [38]. These find-
ings clearly suggest the importance of pressure ulcer
prevention and management in reducing multiple types of
mortality.

Global health also appears to be an important predictor of
mortality, particularly cardiovascular disease and uninten-
tional injury. This measure itself is comprised of general
indicators of health, including mental health (i.e., depressive
symptoms), so it is possible that deaths due to cardiovas-
cular disease are related for overall health rating, whereas
those related to unintentional injury may be more closely
related to emotional health. Deaths due to unintentional

Fig. 1 Cumulative incidence function for six cause-specific death
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injury include those related to unintentional drug poisoning,
which may have a psychological component.

The finding that symptoms of infection are predictive of
pneumonia and influenza only suggests that those with a
history of symptoms of infection may have greater sus-
ceptibility, specifically to pneumonia and influenza. The
absence of relationships between orthopedic complications,
including amputations and fractures, and history of sub-
sequent injuries in relation to mortality is surprising, given
that they were significant in previous research [19]. How-
ever, their effects may be somewhat masked by being part
of a larger factor.

From a clinical perspective, relationships between the
health domains and cause-specific mortality highlight the
potential for those from multiple disciplines and specialties
to contribute to the development of intervention strategies.
Reducing the risk of death due to unintentional injury will
require different expertize than reducing risk of death due to
infectious disease. Medical doctors, nurses, and rehabilita-
tion professionals play an important role in evaluating an
individual’s history, including pressure ulcers and symp-
toms of illness and infection, and utilizing this information
to advise the individual on proper treatment and manage-
ment to attenuate the risk of mortality. For instance, the
findings suggest the importance of pressure ulcer history,
not only with risk of all-cause mortality, but risk of causes
that are not intuitive (i.e., those due to heart and blood
vessel diseases, unintentional injuries, and “other” causes).

As this study used health dimensions, rather than specific
diagnoses (e.g., stage 3 or 4 pressure ulcer) the findings
have more generalizability to the full pressure ulcer domain.
This contrasts with recent research on cause-specific mor-
tality where diagnoses were linked to risk of mortality using
data from the SCI Model Systems in the United States [15].
Similarly, findings suggest that the domain of symptoms of
infection may be important in predicting mortality. There-
fore, the presence of complications such as bowel accidents,
rectal bleeding, urine leaking, fevers, and sweats/chills may
also be indicators of a need for developing treatment,
management, or surveillance protocols to decrease the risk
of all-cause mortality and death due to pneumonia and
influenza and all other causes.

Study strengths and limitations

There were several important methodologic considerations,
both strengths and weaknesses, including: (1) prospective
cohort methodology based on the TRPM, (2) utilization of a
set of health predictors that were defined in previous
research, and (3) identification of competing risks of
different causes of mortality. First, the prospective
design and utilization of the conceptual model were sig-
nificant strengths because the variables under study were

specifically chosen for the prediction of morbidity and
mortality, based on the TRPM. This contrasts with studies
that utilize existing data retrospectively in relation to mor-
tality where the scope of variables will be limited by the
existing data, such as the recent study that utilized SCI
Model Systems data [15]. The selection of variables also is
more systematic using the conceptual model and, as a result,
allows the findings to be interpreted from within the larger
framework.

Second, we utilized health predictors based on previous
research, so we measured health dimensions. This has both
strengths and limitations. It is a strength that it is based on
previous research and the variables, such as pressure ulcers,
are not being measured by a single variable. This allows for
a wider interpretation of the data that is not limited to a
specific or specific indicators, but rather the underlying
conceptual dimension (i.e., elevated risk of pressure ulcers).
However, the translation is less direct. For instance, we did
not independently identify the relationship of depression
with mortality, yet depression was measured and incorpo-
rated under the general health dimension. Similarly, indi-
vidual variables previously identified in relationship to all-
cause mortality, such as fractures and amputations [19],
were not analyzed independent of the factors under which
they were grouped. Clearly, this study only scratched the
surface of the potential of linking health domains to
mortality.

Third, use of a competing risk model with independent
identification of risk and protective factors for each cause of
mortality is a substantial strength. At the same time, this
reduces the power of the analysis to identify significant
differences. Therefore, we were restricted in the number of
predictor variables that could be evaluated in a given ana-
lysis. We focused on health factors, which are one of the
levels within the TRPM. Ultimately, each set of predictors
within the conceptual model needs to be analyzed in rela-
tion to cause-specific mortality. This simply cannot be done
without conducting a series of analyses and building the
models, stage by stage.

Another decision related to the classification of causes of
death. On an a priori basis, we chose the categories that
have the greatest potential risk of excess mortality after SCI
and, therefore, the greatest potential explanatory value.
Other classifications, including larger categories, would
have been possible. For instance, we focused on deaths due
to unintentional injuries, rather than the broader category of
external causes, so that we draw clear conclusions (all
external causes would include unintentional injuries, sui-
cide, and homicide). Similarly, we focused on pneumonia
and influenza, rather than the broader category of respira-
tory causes, and septicemia rather than the broader category
of infective and parasitic diseases. While this helped inter-
pretation of our analyses, it did result in a large “other”
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category related to several risk and protective factors, which
are difficult to interpret.

Future research

Additional research is clearly needed to better identify the
risk and protective factors for the specific causes of mor-
tality. This includes the analysis of other sets of predictors
that may be of importance because they either predict
types of mortality to identify individuals to serve as the
targets for intervention strategies or because they identify
specific targets for intervention. Whereas psychological
factors, such as personality, might help identify indivi-
duals who should be targeted for prevention strategies,
linking behaviors to cause-specific mortality will provide
specific targets for behavioral change. Clearly, there is a
need for augmenting sample sizes and study power, as well
as investigation of a broader range of predictor variables,
even within a given category, such as health parameters. It
also will be important for further research to identify
crosscutting themes that add conceptual clarity to the
analysis and any discovery, with death due to despair
being a primary example. It is only through continued
research that we will be able to identify a wider array of
precursors of excess mortality related to specific causes, so
that we may target individuals at high risk and develop
intervention strategies that may be implemented on an
individualized basis.

Conclusion

Three health domains were significantly associated with
mortality after SCI, and the patterns of association varied as
a function of specific cause of death. The findings reinforce
the importance of pressure ulcer and infection prevention,
as well as facilitation of global health, including emotional
well-being. As multiple disciplines may contribute to the
overall health of people with SCI, multidisciplinary efforts
are needed to promote longevity. Preventing morbidity
appears to be the key to preventing each cause-specific type
of mortality.
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