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Long-Term Causes of Death After
Traumatic Brain Injury

ABSTRACT

Shavelle RM, Strauss D, Whyte J, Day SM, Yu YL: Long-term causes
of death after traumatic brain injury. Am J Phys Med Rehabil
2001;80:510-516.

Objective: To determine which causes of death are more frequent in
persons with traumatic brain injury (TBI), and by how much, compared
with the general population. Our focus was the period beginning 1 yr
after injury.

Design: Subjects were 2320 Californians with long-term mental dis-
ability after a TBI at age 10 yr or more, followed up between 1988 and
1997. The units of study were person-years, each linked to the sub-
ject’s age, gender, level of ambuiation, time since injury, and cause of
death (if any) for the specific year. Observed numbers of cause-specific
deaths were compared with numbers expected according to general
population mortality rates.

Results: Mortality was higher between 1.0 and 5.0 yr postinjury than
after 5.0 yr and was strongly related to reduced mobility. Death rates
were elevated for circulatory diseases, respiratory diseases, choking/
suffocation, and seizures, with seizure deaths being relatively frequent,
even among the most ambulatory.

Conclusions: Death rates for several causes are elevated in persons
with long-term sequelae of TBI. The increased risk of choking/suffoca-
tion should be of interest to caregivers. Life expectancy seems to be
reduced, even for patients who are fully ambulatory.

Key Words: Cause of Death, Life Expectancy, Maladaptive Behavior,
Mortality, Standardized Mortality Ratio
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Traumatic brain injury (TBI) is a
leading cause of premature mortality
and of long-term disability. It has
been estimated that 80,000-90,000
persons become permanently dis-
abled after TBI each year in the
United States.! Despite this, relatively
little has been published on the long-
term sequelae.

It is known that persons who
have suffered a TBI have reduced life
expectancy, even after the initial
acute period has passed.>”” Which
causes of death account for the ele-
vated mortality is less clear, however.
To date, the only published work
seems to be the studies of Roberts®
and Lewin et al.* who followed up a
large group of patients injured in the
United Kingdom between 1948 and
1961. Roberts® concluded that only
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the following causes of death had el-
evated risks: pneumococcal meningi-
tis, epilepsy, suicide, accidents (espe-
cially drowning), and respiratory
disease.

In the present study, we exam-
ined the long-term causes of death in
a large California sample of persons
who had suffered a TBL As the results
are likely to depend on age and gen-
der, we adjusted for these factors in
all cases. We also took account of the
time since injury, as the risk is cer-
tainly greatest shortly after injury
and may be expected to decrease with
time thereafter. Finally, we adjusted
for mobility, as diminished mobility
is known to be a powerful predictor of
increased mortality for patients with
TBI, spinal cord injury, and many
other conditions.>®*'2 Our research
questions, thus, were as follows: (1)
which causes of death are elevated,
and by how much? (2) how do the
results depend on the patient’s de-
gree of mobility? (3) how are the re-
sults affected by the time since
injury?

METHODS

Subjects were selected from a
computerized data base of 168,461
persons who received any services
from the California Department of
Developmental Services between Jan-
uary 1988 and December 1997. Ser-
vices include medical treatment, oc-
cupational or physical therapy, and
board and care. To be eligible, indi-
viduals are mentally retarded or have
“... a disabling condition found to be
closely related to mental retardation
or to require treatment similar to
that required for mentally retarded
individuals, but shall not include
other handicapping conditions that
are solely physical in nature.”*® The
subjects, thus, had a long-term cog-
nitive deficit, or at least the appear-
ance of it as indicated by problems
with communication (e.g., persons
with locked-in syndrome).

All subjects are evaluated approx-
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imately annually, using the Client
Development Evaluation Report
(CDER).* This instrument contains
some 200 psychological, medical,
functional, behavioral, and cognitive
items. The reliability of the func-
tional items has been assessed previ-
ously and was judged to be satisfac-
tory.1>18 For descriptive purposes we
also extracted CDER data on subjects’
histories of suicide attempts, depres-
sion, violence, and other factors.

From this database, we selected
the 2320 persons who met the follow-
ing criteria: (a) origin of the disability
was specified on the CDER as being
either a motor vehicle accident or a
cranial injury. The latter was identi-
fied by the International Classifica-
tion of Diseases, Ninth Revision (ICD-
9),'° codes 800-804 or 850-854.
These identifying codes have been
used in earlier studies on persons
with TBI>%2% (b) the injury occurred
at the age of 10 yr or older; (c) the
subject was alive 12 mo after the
injury.

Condition (b} was imposed be-
cause children with TBI form a dis-
tinct group that deserves separate
consideration. One reason is that
these children are injured before they
are fully grown, and this may influ-
ence the pattern of survival and re-
covery. Condition (c) reflects the
study’s focus on long-term mortality.

Because the above etiologic in-
formation began to be reported only
in 1988, we chose the study period as
the 10-yr interval from 1988 to 1997.
Specifically, the beginning of the “ex-
posure” period for a given subject was
the later of (a) the first CDER after
the first anniversary of the injury,
and (b) January 1, 1988. The end of
the subject’s period at risk was the
earliest of (a) the date of death, (b)
the end of the study period (Decem-
ber 31, 1997), and {c) 3 yr after the
date of the subject’s last CDER eval-
uation. This last condition was in-
cluded to minimize the potential bias
attributable to subjects who may
have left California. Deaths of such
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persons would not be in our records,
but because of condition (c), these
subjects would also not be counted as
being at risk for more than a fairly
short period. Migration from Califor-
nia is generally believed to be uncom-
mon because California is the only
U.S. state providing services to per-
sons with mental disabilities as an
entitlement.

Because all subjects suffered
some long-term cognitive or commu-
nication disability, our sample repre-
sented a much more disabled group
than would be obtained in most hos-
pital series.

Mortality information was ob-
tained from annual computer tapes
from the State of California.?! In Cal-
ifornia, it is required that death cer-
tificates be filed with the state, and
the resulting computer tapes repre-
sent the state’s official mortality
record. Tapes were matched against
the California disabilities data on the
basis of name, date of birth, and so-
cial security number. We assessed
questionable cases by direct inspec-
tion. Of the 2320 subjects in the
study, we identified 119 subjects who
died during the study interval.

Causes of Death

Because we lacked access to the
subjects’ medical records we worked
with the causes of death given on the
computer tapes. These were in the
form of ICD-9 codes of three to four
digits. In 37 cases, this cause was
considered uninformative for our
purposes. Examples were “homicide”
and “late effects of accidental injury”
or various codings for “unspecified.”
For these 37 cases, we requested
death certificates from the State De-
partment of Health Services, Office of
Vital Records. This yielded 33 death
certificates; in the remaining four
cases, the certificates were apparently
unavailable. In the 33 cases in which
the cause was determined from death
certificates, we attempted to identify
the most informative causes. For ex-
ample, “cardiac arrest due to seizure
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due to late effects of accidental in-
jury” was coded as seizure. In all
cases in which we were able to exam-
ine the certificate, both homicide and
late effects of injury proved to refer to
the original head injury, not a subse-
quent event, and the cause of death
was reclassified.

Causes of death were grouped
into nine categories: cancer (ICD-9
codes 140-239; n = 8); seizures
(345,436,780.3; n = 12); circulatory
(390-459; n = 25, primarily cardio-
vascular and cerebrovascular dis-
ease); respiratory (460-519; n = 18,
primarily pneumonia and other in-
fections); digestive (520-579; n = 5),
kidney/urinary (580-599; n = 6);
choking/suffocation (910-915; n =
8); other external causes (other codes
800+; n = 11, mostly accidents); and
other (n = 26, including 11 unspec-
ified). Individual cause information
on all 119 deceased persons is avail-
able elsewhere.?

Comparison of death rates to the
general population was carried out as
follows: (1) for each combination of
quinquennial age, gender, and cause
of death group, we computed mortal-
ity rates in the general California
population, using the California mor-
tality tapes?! and data on population
over the time period 1988-1997%3;
(2) for the TBI subjects, we computed
the exposure time as the total num-
ber of person-years at risk of death;
this was done separately for every
combination of age, gender, ambula-
tion (classified into three levels), and
time since injury (two levels: 1.0-5.0
yr and 5.0+ yr); (3) the mortality
rates from step 1 were then applied to
the exposure times to give an ex-
pected number of deaths due to each
cause for each combination of the
above factors, on the basis of the gen-
eral population; (4) the actual num-
ber of deaths associated with each
combination of factors was noted; (5)
the ratio of the observed number of
deaths to the expected number is a
standardized mortality ratio
(SMR)?*; SMRs were computed for

each combination of factors; also, by
summing both observed and expected
numbers appropriately, we computed
SMRs for combined groups, such as
“all causes, 5.0 yr or more postin-
jury”; (6) the unit of analysis is a
person-year, not a person; thus, one
person may contribute several per-
son-years to the “1.0-5.0 yr since in-
jury” category and several more to
the “5.0 yr or more since injury” cat-
egory; (7) confidence intervals for
SMRs, based on the assumption that
the observed number of deaths fol-
lows the Poisson distribution, were
derived using the tables given in
Singer.?® By using the same source of
mortality information when compar-
ing the TBI group with the general
California population, we attempted
to minimize various sources of re-
porting bias.

RESULTS

Table 1 shows the breakdown of
the 2320 subjects by age, gender, and
other factors. As is common in
groups of subjects with TBI, a major-
ity (approximately two-thirds) was
male. About half had at least some
ambulatory disability. The ambula-
tion variable may act as a marker for
the degree of neurologic damage; for
example, it is strongly correlated with
speech deficits (32% of those who can
climb stairs had some impairment,
compared with 87% of those who did
not walk). Four percent of the most
ambulatory group had attempted sui-
cide during the previous 5 yr, a rate
much higher than in the general pop-
ulation. Strikingly high proportions
of ambulatory persons had engaged
in other maladaptive behaviors, such
as drug or alcohol abuse or assault or
were on probation for a criminal of-
fense. Not surprisingly, maladaptive
behavior was most frequent among
the most ambulatory subjects, who
presumably have the greatest free-
dom. Unfortunately, we lack informa-
tion on which subjects had a history
of such behavior before TBI.
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TABLE 1
Characteristics of the 2320 subjects at first evaluation

Ambulation (%)

None® Some® Stairs® All
(n = 342) (n = 871) (n = 1107) (n = 2320)

Died

Yes 7 3 1 3

No 93 97 99 97
Tube fed

No 68 98 100 94

Yes 32 2 0 6
Gender

Male 64 64 71 68

Female 36 36 29 32
Decade of injury

1960s 0 1 1 1

1970s 22 22 16 19

1980s 48 40 44 43

1990s 30 37 39 37
Age at injury (yr)

10-19 71 51 49 53

20-29 16 24 28 35

30+ 13 25 23 22
Clarity of speech

No intelligible speech 55 10 4 14

Some difficuity to understand 32 45 28 35

Readily understood by strangers 13 45 68 51
Depression?

Inhibits or affects all functions 10 19 16 16

Minimal effect 22 40 38 37

No evidence of depression 35 39 38 41

Too disabled to display 33 2 1 6
Attempted suicide in the past 5 yr?

Yes 1 2 4 3

No 70 73 71 72

Unknown 29 25 25 25
Recent history of drug or alcohol abuse?

Yes 2 5 8 6

No 70 71 68 69

Unknown 28 24 24 25
Assaultive behavior®¢

Yes 4 10 16 12

No 76 71 65 69

Unknown 20 19 19 19
Medication for maladaptive behavior®”

Yes 10 17 17 16

Not within past 6 months 14 17 18 17

Never/unknown 77 66 65 67
On Probation?

Yes 1 2 10 5

No 93 95 87 91

Unknown 6 3 3 4

“Does not walk.

bWalks with support or walks well alone at least 20 feet.

“Moves up and down stairs (or ramps) without the need for a handrail.

“History of this before traumatic brain injury is not available.

The question on the Client Development Evaluation Report reads, “Has the client engaged in any assaultive behaviors that
have or could have resulted in serious bodily injury or death?”

"Excludes sedatives for examinations only and medications for seizures or on an infrequent basis.
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TABLE 2

Standardized mortality ratios (SMR): all causes combined

Time Since Injury Level of No. of

{yr) Ambulation Deaths SMR 95% Confidence Interval
None? 16 16.4 (9.3, 26.7)

1.0-4.0 Some® 15 45 (2.5, 7.4)
Stairs® 6 1.5 (0.6, 3.3)
All 37 44 (3.1, 6.1)
None? 35 6.4 (4.5, 8.9)

5.0+ Some? 31 2.4 (1.6, 3.4)
Stairs® 16 1.3 0.7, 2.1)
All 82 2.7 (2.1, 3.4)

All All 119 3.1 (2.5,3.7)

“Does not walk.

®Walks with support or walks well alone at least 20 feet.
“Moves up and down stairs (or ramps) without the need for a handrail.

Table 2 shows the numbers of
deaths and SMRs, classified by ambu-
lation and time since injury. It is
clear that long-term mortality is ele-
vated in this TBI group as a whole.
The increase is most marked in the
early period, as may have been ex-
pected. Mortality is also strongly re-
lated to ambulation, the risk to
nonambulatory subjects being sev-
eral times larger than to ambulatory
subjects. The strong association be-
tween mobility and mortality in TBI
has been documented previously.>®

Table 3 displays the cause-spe-
cific data. Perhaps not surprisingly,
cancer mortality seems to be unaf-
fected by TBI. By contrast, there were
12 deaths resulting from seizures,
compared with an expected number
of 0.5 according to the general pop-
ulation rates, an SMR of 24. Seizure
deaths were relatively common even
in the most ambulatory group. Ele-
vated mortality resulting from sei-
zures was also noted by Roberts.® The
25 deaths resulting from circulatory
diseases were likewise more than
would be expected in the general pop-
ulation (SMR = 3.3), especially
among the nonambulatory subjects.
Only 2 of the 25 were attributable to
cerebrovascular accidents.

None of the subjects were coded
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as having died of meningitis, in con-
trast to the increased risk attribut-
able to this disease reported by Rob-
erts.3 Our power to detect this is low,
however, because the expected num-
ber of such deaths here was only 0.04.

The greatly increased risk of re-
spiratory  infections,  especially
among the nonambulatory, is as ex-
pected, but the marked increase in
risk because of kidney and urinary
disease is perhaps surprising. Finally,
among the externally caused deaths
(accidents, etc.), there was a substan-
tially elevated risk of death by chok-
ing or suffocation (SMR = 29), but
we did not find any clear increases for
other external causes. In particular,
in contrast to the study by Roberts?,
there were no deaths at all attribut-
able to drowning in our group, and
despite the large number of subjects
who had attempted suicide, we found
no increase in suicide deaths (two
deaths; SMR = 1.0).

DISCUSSION

Subjects in this study had higher
mortality than expected in the gen-
eral population, after adjustment for
age and gender. The markedly ele-
vated mortality in those with reduced
mobility is not surprising, as a sed-

entary life style is known to be asso-
ciated with increased mortality risk,
especially because of diseases of the
circulatory system. For example, a
relative risk of 1.34 for sedentary per-
sons has been reported by Paffen-
barger et al.26-?® The findings here,
however, suggest that even those who
are ambulatory enough to climb
stairs without the need of a handrail
may have higher mortality rates than
the general population. Such persons
were, in particular, at much greater
risk of seizure-related death.

In some cases, TBI results in
maladaptive behavior that itself in-
creases mortality risk. For example,
schizophrenia is known to be associ-
ated with markedly elevated mortali-
ty.2% Nevertheless, in contrast to an-
ecdotal reports about persons with
long-term TBI, we found relatively
few deaths that seemed to result from
reckless behavior. Of course, this may
merely indicate that many of the sub-
jects were restricted in their permit-
ted activities. We do not know, for
example, how many subjects were
permitted to drive.

It should be noted that the
cause-specific SMRs reported here
are conservative, as in 9% of the cases
we were unable to determine the
cause.
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TABLE 3

Cause-specific numbers of deaths,® expected numbers in the general population,® and
standardized mortality ratios (SMR)

Time Since Injury (yr)

1.0-5.0 5.0+
Ambulation Ambulation SMR

Cause of Death (ICD-9 Codes) None® Some?  Stairs® None® Some?  Stairss  All (95% c.i.)
Cancer (140-239) 0 2 1 1 3 1 8 1.1

0.1 0.6 0.6 1.1 2.9 2.2 75 (0.5, 2.1)
Seizures (345, 436, 780.3) 2 1 0 2 1 6 12 24.3

0.0 0.0 0.0 0.1 0.2 0.1 05 (124, 42.0)
Circulatory (390-459, except 436) 0 3 2 7 10 3 25 33

0.1 0.7 0.6 1.2 2.9 2.1 7.5 (2.2, 4.9)
Respiratory (460-519) 3 1 0 8 6 0 18 9.7

0.1 0.2 0.1 0.3 0.7 0.5 1.9 (5.6, 14.9)
Digestive (520-579) 0 0 0 2 2 1 5 2.9

0.0 0.1 0.1 0.3 0.6 0.6 1.7 (0.9, 6.9)
Urinary/kidney (580-599) 3 0 0 2 1 0 6 15.2

0.0 0.0 0.0 0.1 0.1 0.1 0.4 (5.5, 32.8)
Choking/suffocation (910-915) 0 2 1 2 2 1 8 29.4

0.0 0.0 0.0 0.0 0.1 0.1 0.3 (11.7, 52.7)
Other external (800+, except 910-915) 2 3 2 2 1 1 11 1.1

0.4 1.1 1.7 1.2 2.6 34 10.4 (0.5, 1.9)
Other/unknown” 6 3 0 9 5 3 26 NA

“The upper number of each pair.
5The lower number of each pair.
“Does not walk.

are not shown.

4Walks with support or walks well alone at least 20 feet.
¢Moves up and down stairs (or ramps) without the need for a handrail.
“All others, including 11 in whom no cause of death information was available. Expected numbers are uninterpretable and

Because medical records on
cause of death were not available in
this study, we worked with computer
codes and death certificates. Al-
though these sources are frequently
used in large epidemiologic studies,
their limitations are well known.>°
Any resulting bias may have been re-
duced, however, because the same
source (California mortality com-
puter tapes) was used for the causes
of death of both the subjects with TBI
and the reference California
population.

As in the English study of Roberts®
we found a substantial increase in the
mortality risks because of seizures and
accidents. The elevated mortality be-
cause of seizures in the most ambula-
tory group suggests that many subjects
even in this group have suffered severe
neurologic damage. The increased rate
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of accidental deaths was attributed pri-
marily to choking on food or suffoca-
tion, which again suggests neurologic
damage.

Unlike Roberts, we did not find
an increased risk of suicide. Given
that 68 (3%) of the subjects had at-
tempted suicide in the previous 5 yr,
it seems surprising that there were
only two suicides during our study
period (neither of whom appeared to
have made a previous attempt). We
found no elevated mortality resulting
from meningitis (although our power
to detect increased meningitis rates
was rather low). Roberts, by con-
trast, observed four such deaths, all
at least 1 yr after injury, and indicates
that three were “unquestionably
causally related to head injury.”

Again, unlike Roberts, we found
that death rates attributable to dis-

Long-Term Causes of Death After TBI

eases of the circulatory system were
elevated, being triple those in the
general population. The reasons for
the difference are unclear. Our find-
ing, however, is consistent with the
literature linking sedentary living
and cardiovascular disease.28-2% The
excess mortality because of circula-
tory diseases was greatest in the
nonambulatory group and least in
the group who could climb stairs.
Finally, with regard to mobility,
the distinction between ability and
actual physical activity may be im-
portant. Some individuals capable of
activity may still not engage in phys-
ical activity frequently; they may lack
the initiative or be restricted by cog-
nitive impairment. In future studies,
it would be desirable to measure ha-
bitual physical activities, rather than
just the ability to engage in them.
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