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Abstract
Objectives: To compare 12-year suicide-specific mortalities of 3 different injury cohorts, identify the risk factors for suicide mortality after spinal
cord injury (SCI), and investigate whether suicide mortality is higher among those with SCI than in the general population.
Design: Retrospective cohort study.
Setting: United States hospitals (nZ28) designated as SCI Model Systems.
Participants: Participants (NZ31,339) injured between January 1, 1973, and December 31, 1999.
Interventions: Not applicable.
Main Outcome Measure: Suicide death after SCI.
Results: The crude annual suicide mortality rate during the first 12 years after SCI was 91 per 100,000 person-years for 1973 to 1979 injury
cohort, 69 per 100,000 person-years for 1980 to 1989 injury cohort, and 46 per 100,000 person-years for 1990 to 1999 injury cohort. Suicide
mortality was associated with race, injury severity, and years since injury. The standardized mortality ratios for the 3 cohorts were 5.2, 3.7, and
3.0, respectively.
Conclusions: Suicide mortality among those with SCI decreased over 3 injury cohorts, but it still remained 3 times higher than that of the general
population.
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Suicide is a salient problem among people with spinal cord injury
(SCI). As suicide has been associated with sudden and depressed
life events, persons with SCI may have a higher suicide rate than
the general population.1 Previous studies provide empirical support for this hypothesis. In comparison to the United States (U.S.)
general population, those with SCI in the U.S. have a suicide rate
2 to 6 times higher.2-5 One study6 conducted in Denmark found
the suicide rate of persons with SCI was about 5 times greater than
that of the general population. An Australian study7 reported the
estimated suicide rate among persons with SCI was 4.4 times
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greater than that among the general population. Another Norwegian study8 remarkably reported a suicide rate that was 37.6 times
greater among women with SCI and 3.7 times greater among men
with SCI. Studies also show that 50% of people with SCI have had
suicidal thoughts,9 and 10% to 15% report having suicidal plans
during the first 6 months after their injury.10
Except for a few studies,2,6,11,12 our knowledge regarding
suicide after SCI is still limited. Meanwhile, no studies have
investigated cohort differences in suicide mortality after SCI. In
the general population, suicide rates increased during the early
1990s, but a decline occurred thereafter.13 The overall U.S. suicide
rate decreased 11.1% (from 12.4 per 100,000 to 11.0 per 100,000)
between 1990 and 2005. During the same time, we saw the passage of the Americans with Disabilities Act in 1990 aimed at
prohibiting discrimination based on disability, and social movements advocating for legislative rights of better living conditions,
social changes of equal opportunity, and independent living for
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Suicide after spinal cord injury
people with disability throughout the U.S. This raises the question
of whether suicide rates among the SCI population have changed
over different injury cohorts.
To bridge the gap in the literature, we compared 12-year
suicide-specific mortalities of 3 different injury cohorts and
identified the risk factors for suicide mortality using the largest
SCI database in the world. In addition, we addressed whether
suicide deaths were higher after SCI than in the general population
and whether the observed suicide mortality differences between
the SCI population and the general population were noted across
injury cohorts.

recovery). All ventilator-dependent cases were included in the first
group. This is the typical scheme used in previous SCIMS
research.16-18 For injury severity information, because 2305 participants are unknown, we added a new category “unknown” to the
injury severity variable. We also found missing values for race and
education, and we categorized them into “others” in the analysis.
The year since injury was a time-variant predictor, increasing by
1 for each additional person-year. In our logistic regression
analysis, we treated it as a 6-category variable (1e2y, 3e4y, 5e
6y, 7e8y, 9e10y, >10y).

Analysis

Methods
Data sources
This study retrieved data from the National Spinal Cord Injury
Statistical Center (NSCISC) database, which contains data reported from 28 U.S. hospitals designated as SCI Model Systems
(SCIMS) of care since 1973. NSCISC Database Institutional
Review Board approval was obtained locally at each hospital
before data collection. This database has the largest SCI sample in
the world and captures an estimated 13% of new SCI cases every
year in the U.S.14,15

Measures
Our outcome variable was a dichotomous event, suicide death or
not. First, we identified the deceased cases by routine follow-up
with personnel at each SCIMS center and supplemented this with
searches of the National Death Index and Social Security Death
Index. Second, the cause of death was determined from death
certificates, autopsy reports, hospital discharge summaries, or the
International Classification of Diseases codes provided by a
National Death Index search. The mortality information was
recently updated at the end of 2011. Based on their year of injury,
we divided all participants into 3 cohorts: injured between 1973
and 1979, injured between 1980 and 1989, and injured between
1990 and 1999. Because suicide mortality varies with years
postinjury,2 we gave each cohort exactly 12 years of follow-up to
achieve comparable suicide rates.
The following independent variables were measured at the
time of injury: sex (female vs male), race (non-Hispanic white,
non-Hispanic black, Hispanic, others), education (college education vs others), age, injury etiology, and injury severity. Injury
etiology was grouped into motor vehicle collisions, violence,
sports, fall, and all others. Injury severity information was
collected at discharge from the initial hospital care. It was classified as follows: C1-4 level with American Spinal Injury Association Impairment Scale (AIS) A, B, or C injuries; C5-8 level
with AIS A, B, or C injuries; T1-S3 level with AIS A, B, or C
injuries; and all levels with AIS D injuries (functional motor
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We first estimated the crude annual suicide-specific mortality rate
based on the person-year denominator for each of the 3 injury
cohorts. Multivariate analysis was conducted using a logistic
regression model on person-year observations.19-21 Every participant was followed up beginning with the date of injury up to 12
years. If participants were still alive after the 12-year follow-up,
they were regarded as withdrawn alive at that point. Each year
of follow-up was counted as a separate observation (1 personyear) for each participant. For example, an individual who was
followed up for 10 years and died during the 10th year would
contribute a total of 10 person-year observations to the data set.
For each of these person-years, we coded the outcome variable as
“1” if the person committed suicide during that year and “0”
otherwise. Except for year since injury, all the other predictors
were time-invariant variables, whose values did not change across
the person-years for the same participant. For each categorical
predictor in the logistic regression model, we provided a P value
of global Wald test, and a 95% confidence interval of odds ratio
for each category.
We next calculated standardized mortality ratios (SMRs) for
each cohort by using the U.S. general population as the anchor.
There are 2 reasons to use the SMR method. First, the crude
suicide rates may overestimate the actual effect of SCI because of
the disproportionally larger high-risk groupdthat is, males in the
SCI population.2 Second, SMRs can present the differences between persons with SCI and the general population regarding
suicide mortality. We calculated the SMR as a ratio of the number
of observed deaths in our SCI sample to the number of expected
deaths if our SCI sample had the same suicide mortality rate as the
general population. The total number of deaths expected was
estimated separately for each cohort by applying the age-sexraceespecific suicide mortality rates for the general U.S. population. We retrieved the U.S. suicide mortality rates from the
Centers for Disease Control and Prevention.22 We used the suicide
mortality rates of the U.S. general population in 1982 for the first
injury cohort SMR calculation, the mortality rates in 1990 for the
second injury cohort, and the rates in 2000 for the third injury
cohort because they are the midyear of follow-up for each cohort.
All analyses were conducted using SAS version 9.3.a

Results
We identified a total of 31,339 participants injured between
January 1, 1973, and December 31, 1999. Among them, 5124
were injured between 1973 and 1979, 12,120 between 1980 and
1989, and 14,095 between 1990 and 1999. The demographic and
injury characteristics of each injury cohort are shown in table 1.
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Table 1 Demographic and injury characteristics of participants
by injury cohorts
Injury Cohorts
Characteristics
Age at injury (y)
Female
Race
Hispanic
Non-Hispanic
white
Non-Hispanic
black
Others
College education
Etiology
Vehicular
collisions
Violence
Sports
Fall
Others
Injury severity
C1-4 ABC
C5-8 ABC
T1-S3 ABC
AIS D
Unknown

1973e1979
(nZ5124)

1980e1989
(nZ12,120)

1990e1999
(nZ14,095)

28.4514.11 30.7815.39
18.83
18.62

33.8217.42
21.16

5.84
77.11

8.07
69.46

12.30
60.82

14.01

19.51

23.09

3.04
6.38

2.96
6.25

3.79
4.95

47.5

44.49

41.32

13.08
14.13
16.24
9.06

16.04
12.41
18.54
8.52

20.98
8.83
19.92
8.95

10.30
26.48
34.58
27.60
1.03

11.93
22.69
32.00
29.13
4.25

15.33
18.35
33.41
20.59
12.32

NOTE. Values are mean  SD or percentages.

After the 12-year follow-up, among the 5167 deceased participants, 198 died from suicide, with 51 in the first injury cohort,
85 in the second cohort, and 62 in the third cohort (table 2). The
suicide cases accounted for 6.72%, 4.71%, and 2.38% of the total
deaths in the 3 injury cohorts, respectively. By using total followup person-years as the denominator, the crude suicide mortality
rates for the 3 injury cohorts were as follows: 91 per 100,000
person-years, 69 per 100,000 person-years, and 46 per 100,000
person-years, respectively. The 1990 to 1999 injury cohort had a
lower crude suicide mortality rate and lower suicide percentage
than the prior 2 cohorts.
The adjusted odds ratios of the multivariate logistic regression
model suggest the same decreasing trend in suicide mortality over
the 3 injury cohorts after adjusting for sex, race, education, injury

Table 2 Crude suicide-specific mortality rates and percentage of
deaths by injury cohorts
Injury Cohorts
Measures

1973e1979

1980e1989

1990e1999

Suicide cases (n)
Total deaths (n)
Total person-years
Suicide percent of
deaths
Suicide mortality rate
(/105 person-years)

51
759
56,013
6.72

85
1804
123,572
4.71

62
2604
136,250
2.38

91.05

68.79

45.50

age, etiology of injury, severity of injury, and years since injury
(table 3). Compared with the 1973 to 1979 cohort, the odds of
committing suicide were reduced by 20% for the 1980 to 1989
cohort, and by 46% for the 1990 to 1999 cohort, with the latter
finding being statistically significant. The logistic regression
analysis also showed that for people with SCI, non-Hispanic
whites were more likely to commit suicide. Persons with T1-S3
injuries with AIS A, B, or C had higher suicide odds than persons
with AIS D injuries at any level. Compared with years 1 and 2
postinjury, suicide odds did not change between years 3 and 6, and
started to decrease from year 7, although not statistically significant until reaching 10 years postinjury. The odds of suicide
decreased significantly by almost 60% after 10 years. To control
for the nesting effects of participants clustered within hospitals,
we also tried to enter 27 dummy variables for SCIMS hospitals
into the logistical model. However, we did not find a significant
difference compared with the model without inclusion of the
treating hospital. Therefore, we removed the hospitals from our
model for parsimonious consideration (the results are available on
request). The SMRs for the 3 cohorts are 5.24, 3.65, and 2.98,
respectively (table 4). This can be interpreted to mean that the first
SCI injury cohort was 5.24 times more likely to die from suicide
than the U.S. general population after controlling for age, sex, and
race; the second cohort was 3.65 times more likely; and the third
cohort was 2.98 times more likely.

Discussion
Suicide is a major public health problem within the U.S. as well as
around the world. In 2011, suicide was the 10th leading cause of
death in the U.S.23 Globally, suicide is also one of the leading causes
of death, and there is a suicide every 40 seconds.24 As a result, the
World Health Organization25 and the U.S. Surgeon General26 have
emphasized the need for more comprehensive data and studies for
the purpose of planning national health care policy and prevention
strategies. One of the official national health objectives in the U.S. is
to reduce suicide and suicide-related behaviors.27
Given the public health importance of suicide, this study
contributes to the suicide literature in 3 areas. First, we found a
decreasing trend of suicide mortality over 3 SCI cohorts. Specifically, the 1990s cohort had significantly lower odds of suicide
than the 1970s cohort. Second, in comparison with the U.S.
general population, all 3 injury cohorts had higher suicide mortality. This highlights the need for prevention and intervention for
suicide to improve life expectancy after SCI. Third, we identified
3 risk factors for excessive suicide mortality among people with
SCI: non-Hispanic white, the first 6 years after SCI, and T1-S3
injury levels with AIS A, B, or C.
The race effects we found are consistent with research based
on the general population.28,29 Although general population
studies29-31 also suggest age and education are related to suicide,
their effects were not statistically significant in our model, perhaps
because we measured age and education at the time of injury
rather than at the time of suicide. Previous research has also shown
that the risk of suicide declines with advancing time after injury as
persons with SCI become better adjusted to their injury. Our study
suggests that the decline of suicide risk is likely to happen at least
6 years postinjury.
Contrary to intuitive sense, we found the most severe injury
group (C1-4 level of injury or ventilator dependent) had lower
odds of suicide than other levels of injury (odds ratio, .58),
www.archives-pmr.org

Suicide after spinal cord injury
Table 3
death
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Multivariate logistic regression analysis of suicide

Variables
Injury cohort (vs 1973e1979)
1980e1989
1990e1999
Age at injury
Sex (vs male)
Female
Race (vs non-Hispanic black)
Hispanic
Non-Hispanic white
Others
Education (vs others)
College
Etiology (vs vehicular collisions)
Violence
Sports
Fall
Others
Injury severity (vs AIS D)
C1-4 ABC
C5-8 ABC
T1-S3 ABC
Unknown
Years since injury (vs years 1 and 2)
Years 3 and 4
Years 5 and 6
Years 7 and 8
Years 9 and 10
Years >10

P of Global
Wald Test

OR

95% CI

0.80
0.54
1.01

0.56e1.13
0.37e0.79
1.00e1.02

0.69

0.46e1.02

1.51
2.95
1.54

0.73e3.13
1.72e5.04
0.51e4.63

0.96

0.54e1.71

1.33
1.02
1.45
0.96

0.84e2.10
0.63e1.67
0.99e2.11
0.56e1.66

0.58
1.33
1.72
1.28

0.29e1.16
0.87e2.04
1.18e2.50
0.62e2.67

1.02
0.99
0.74
0.80
0.41

0.67e1.56
0.64e1.53
0.46e1.19
0.50e1.29
0.24e0.70

.005

.244
.063
<.001

.897
.293

.004

.012

Abbreviations: CI, confidence interval; OR, odds ratio.

although this finding was not statistically significant. This
contradiction is actually supported by some literature that suggests
the severity of SCI is not a good predictor for life satisfaction,
perceived well-being, or psychological distress.32-34 Some
studies32,35,36 found that ventilator-dependent persons with tetraplegia often claim to have a high quality of life and are happy to
be alive. The marginally disabled persons with SCI may also have
a greater burden of coping than their severely injured counterparts
because of less physical or social support and higher expectations
of recovery.2,6 Meanwhile, persons with high-level tetraplegia
often receive more and various forms of general surveillance than
persons with low-level injuries, making them less likely to be
Table 4

SMR by injury cohorts
Injury Cohorts

Variables

1973e1979
(nZ5124)

1980e1989
(nZ12,120)

1990e1999
(14,095)

Total person-years
Observed suicide (n)
Expected suicide (n)
SMR of suicide
95% CI of SMR

56,013
51
10
5.24
3.80e6.68

123,572
85
23
3.65
2.87e4.42

136,250
62
21
2.98
2.24e3.72

Abbreviation: CI, confidence interval.
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alone short term or long term and making the act of suicide much
less likely. Persons with high-level tetraplegia also are physically
less able to commit suicide. Another possibility is competing
mortality risk in that this group typically has a shorter life
expectancy and may die earlier from other competing causes.
Our research cannot provide empirical evidence on why the
trend occurred for suicide rates to decline over the 3 injury
cohorts, but there are some possible explanations in the literature.
One is the use of newer antidepressants such as selective serotonin
reuptake inhibitors, in use since the 1970s.13 Olfson et al37 found
increasing use of selective serotonin reuptake inhibitors was
negatively related to adolescent suicide rates. The inverse association between exposure to newer antidepressants and suicide
rate was reported in the U.S. from 1985 to 1999,38 in Australia
from 1991 to 2000,39 and in Scandinavia from 1978 to 1996.40
Another potential explanation is advancement in physical and
societal accessibility, which improved social participation and
social support for people with SCI. These advancements are
considered as protective factors for suicide.41-43 From a social
policy perspective, the Americans with Disabilities Act is an
important policy to provide qualified disabled persons with equal
employment opportunities. Previous studies31,44,45 suggest that
being unemployed is a risk factor for suicide. In the past 20 years,
physical accessibility in the U.S. has improved dramatically with
the increased presence of curb cuts, elevators, and accessible
public transportation systems in many communities.46 Reducing
physical barriers for people with mobility impairments helps
people in wheelchairs participate in society. Since social integration has protective effects on suicide behavior, all these changes
promoting reintegration into communities after injury may reduce
the suicide rate.47,48
Although declining, the observed suicide rate was still at least
3 times that of the general population. Therefore, an elevated risk
of suicide after SCI continues to be a problem. If the diagnosis of
depression, aggressive treatment, and postesuicide attempt care
are contributing to the decline, early clinical interventions need to
be considered to minimize this preventable cause of death.

Study limitations
This study has some methodological limitations. First, it is possible
the suicide mortality rates are underestimated because we did not
consider passive or indirect suicide methods in our study, such as
being noncooperative with caretakers, refusing eating and treatment, misusing medications, or not paying attention to skin care.
One study49 reported the prevalence of these self-neglect suicides
as 9%. Moreover, the Social Security Death Index has been shown
to be only 92.4% sensitive in identifying deaths among persons
with SCI, so some deceased persons may be misclassified as
alive.50 Also, approximately 1% of all deaths are due to external
causes where the nature of death (accident, suicide, or homicide) is
reported as unknown, and approximately 6% of all deaths where
the cause of death remains unknown. Some of these may be suicides. Second, the cohort of SCIMS centers has changed every
SCIMS grant cycle (5y), which could lead to differences in our
injury cohorts beyond those controlled for in the logistic regression
analysis. Third, the observed trend could be influenced by changes
in identification methods and classification criteria for suicide
cases. Fourth, since the NSCISC database is not a population-based
sample and captures about 13% of new SCI cases in the U.S., the
incomplete coverage may limit our ability to generalize our
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findings. Fifth, our model did not include some important predictors of suicide risk such as alcohol abuse, other substance abuse,
psychosis or behavioral disorders, suicide history, use of antidepressant medication, and/or psychotherapy services. This information is not available for most of our participants. Lastly, our
study is limited to the first 12 years of suicide mortality after SCI,
which might not represent the long-term survivors.

Conclusions
This study is the first empirical research focusing on changes in
suicide rates among different injury cohorts. Our findings suggest
suicide mortality decreased over 3 SCI injury cohorts even after
controlling for sex, education, race, injury etiology, injury
severity, and years postinjury. However, suicide mortality after
SCI still remains higher than in the general population. Risk of
suicide is greatest among the following groups: non-Hispanic
whites, males, and those persons with T1-S3 injury levels with
AIS A, B, or C, especially during the early years after injury.
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