
Paraplegia 30 (1992) 820-827 © 1992 International Medical Society of Paraplegia 

A cross-sectional study of the relationship between age and current health 

status for persons with spinal cord injuries 

M J DeVivo DrPH,1 R M Shewchuk PhD,2 S L Stover MD,1 K J Black BS,1 B K Go 
BAl 

1 Department of Rehabilitation Medicine, 2 Department of Health Services Administration, 
University of Alabama at Birmingham, UAB Station, Birmingham, Alabama 35233-7330, 
USA. 

As life expectancies of persons with spinal cord injuries increase, this population 
is aging rapidly. This trend requires that increasing attention be given to the 
healthcare needs of older persons with spinal cord injury. Follow up data on 
11,117 persons injured since 1973 were analyzed by current age at 15-year 
intervals. Mean time postinjury was 4.7 years. Several trends were observed 
when comparing persons currently in the 16-30 year age group with persons in 
the oldest age group (age 76+). The percentage of persons independent in 
selfcare decreased from 61.9% to 29.1%. Ventilator use increased from 1.7% to 
4.3%. Nursing home residence increased from 1.4% to 22.2%. The percentage 
of persons rehospitalized during the most recent year increased from 26.5% to 
33.7%. Age was an important predictor of health status, but time postinjury was 
less important, perhaps due to the study's short postinjury time frame. While 
few differences in health status were observed in individuals between 16 and 60 
years of age, persons in the oldest two age groups demonstrated lower levels of 
health status than younger individuals. 
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Introduction 

Even though most spinal cord injuries occur 
among people who are relatively young, this 
population is aging rapidly as a result of 
increasing life expectancies. This trend re
quires that special attention be given to the 
healthcare needs of older people with spinal 
cord injuries. 

We have previously published one com
prehensive study and one abstract concern
ing the effect of age at time of injury on 
rehabilitation and short term treatment out
comes.1,2 Although most published infor
mation on the long term effects of aging 
with a spinal cord injury is anecdotal in 
nature, a few studies have recently been 
conducted.3-5 Nonetheless, there is a pau
city of information in the literature concern
ing the current health status of older persons 
who were injured many years ago. 

Recognizing this fact, the National In
stitute on Disability and Rehabilitation Re
search (NIDRR) recently established an 

absolute priority to fund a new Rehabilita
tion Research and Training Center (RRTC) 
on .aging with a spinal cord injury. 6 The first 
priority of this new RRTC will be to develop 
a better understanding of the natural course 
of spinal cord injury as persons age. This can 
only be accomplished by conducting more 
in-depth studies of the relationships be
tween age, time since injury, and current 
health status, and comparing those findings 
to what would be expected in the absence of 
spinal cord injury. The present study at
tempts to accomplish that objective with a 
limited number of health status indicators 
by using data from the National Spinal Cord 
Injury Statistical Center database for per
sons injured since 1973 and followed an
nually thereafter with routine evaluations 
whenever possible for as many as 16 years. 

Methods 

The study population consisted of 11,117 
persons with traumatic spinal cord injury 



occurring between 1973 and 1989 who were 
admitted to a model regional spinal cord 
injury care system within one year of injury. 
The place of injury and place of residence 
for all study population members were 
within the geographic catchment area of the 
model system. All persons had a clinically 
discernible degree of spinal cord neuro
logical impairment on admission, were con
tinually hospitalized from injury to model 
system admission except for brief periods no 
longer than normally accepted as a thera
peutic leave of absence, and were dis
charged from the model system having 
completed rehabilitation. 

Data from these persons were routinely 
collected prospectively on an annual basis 
and submitted to the National Spinal Cord 
Injury Statistical Center. A limited number 
of long term health status indicators were 
included in this national data set. These 
indicators were ventilator usage, place of 
residence, functional independence in self
care and ambulation, and rehospitalizations 
during the preceding year. 

For purposes of this study, ventilator 
usage was defined as either short term 
respiratory support as part of the medical 
treatment for other pulmonary complica
tions, ventilator dependency, or placement 
of a phrenic nerve stimulator. Emergency 
mouth to mouth or machine resuscitation, 
routine administration of oxygen, emer
gency bagging, intermittent positive press
ure breathing administration or post
operative ventilatory support used for less 
than 7 days did not qualify as ventilator 
usage. 

Persons were considered functionally in
dependent if they did not require any 
assistance in the performance of selfcare 
activities of daily living. To be considered 
ambulatory, persons must have been able to 
ambulate independently, and ambulation 
must have been the primary method of 
mobility. 

Measures of injury severity such as neuro
logical level of lesion and Frankel grade 7 
were also collected annually. A separate 
data set including demographics, acute care 
and rehabilitation medical information was 
collected at initial discharge from rehabilita
tion. 
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The data set was analyzed cross-section
ally using the most recent annual evaluation 
for each person. The average length of time 
postinjury for the annual evaluation used in 
this study was 4.7 years (range 1-16 years). 

All persons were divided into 6 age 
groups: age 1-15 years ( n = 123); age 
16-30 years ( n = 5525); age 31-45 years 
( n = 3405); age 46-60 years ( n = 1300); age 
61-75 years ( n = 632); age 76 and over 
( n = 132). The characteristics of each age 
group were expressed as percentages and 
the chi-square statistic was used to test the 
significance of observed differences among 
the age groupS.8 Additional analyses were 
stratified by neurological level of lesion 
(paraplegia or quadriplegia) and by time 
since injury (more or less than 5 years). 

Separate multiple logistic regression ana
lyses were conducted for each outcome 
measure in order to control for possible 
confounding effects of sex, race, neuro
logical level of lesion, Frankel grade, and 
ventilator usage.9 The adjusted odds ratio 
(OR) and its approximate 95% confidence 
interval (CI) for each outcome were deter
mined for each age group from the appro
priate regression model coefficients.1o The 
odds ratio is an estimate of the likelihood of 
a given outcome among persons in each age 
group relative to the referent age group. For 
this study, the 16-30 year old age group was 
chosen as the referent group because the 
1-15 year old age group was small in sample 
size and somewhat atypical of persons with 
spinal cord injury in general. An odds ratio 
of 1.0 implies no increased likelihood, 
whereas an odds ratio of 2.0 implies that 
persons in that age group were twice as 
likely to experience the particular outcome 
as were persons in the 16-30 year old age 
group. A 95% confidence interval around 
an odds ratio that does not include 1.0 
implies a statistically significant difference 
in the likelihood of an outcome for that age 
group at a two-tailed probability (alpha) of 
0.05. 

Results 

Demographic characteristics of the study 
population appear in Table I. The oldest age 
group had the highest percentage of whites 
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Table I Characteristics (expressed as percentages) of each age group 

Age group (years) 

Characteristic 1-15 16-30 31-45 46-60 61-75 76+ p 

Male 66.7 83.4 83.8 
White 66.7 75.4 72.0 
Injury level 

C1-C2 14.0 1.3 1.2 
C3-C4 14.9 14.2 12.6 
C5-C8 18.4 38.5 35.5 
Tl-S5 52.7 46.0 50.7 

Frankel grade 
Complete 51.4 52.6 55.1 
Preserved 

sensation 7.2 10.9 10.6 
Motor 

nonfunctional 5.4 7.2 7.0 
Motor 

functional 33.3 26.3 26.2 
Recovered 2.7 3.0 1.1 

(79.5%), persons with quadriplegia 
(72.7% ), and persons with neurologically 
incomplete motor functional lO]uries 
(55.0%). The youngest and oldest age 
groups had lower percentages of males than 
the other age groups. These differences in 
demographic characteristics were all statis
tically significant (p < 0.0001) and, there
fore, should be taken into consideration 
when interpreting the data on current health 
status of persons in each age group. 

Measures of current health status appear 
in Table II. Except for the pediatric age 
group, the percentage of persons who were 
independent in selfcare activities of daily 
living decreased substantially with increas
ing age (p < 0.0001). Despite the fact that 
the oldest age group had the highest percen
tage of persons with neurologically incom
plete motor functional injuries, only 29.1 % 
of persons in that age group were con
sidered independent. Among persons with 
paraplegia, the percentage who were inde
pendent decreased from 94% in the 16-30 
year old age group to 39.1 % in the oldest 
age group (p < 0.0001). Among persons 
with quadriplegia, the trend was similar but 
less dramatic and not statistically significant, 
declining from 35% among persons in the 
16-30 year old age group to 26.2% in the 

81.5 77.4 69.7 <.0001 
67.1 71.4 79.5 <.0001 

<.0001 
1.7 2.0 2.1 

15.8 16.8 23.4 
34.7 40.0 45.7 
47.8 41.2 28.8 

<.0001 
43.3 32.6 16.0 

7.1 6.7 8.0 

9.3 13.1 20.0 

38.6 44.3 55.0 
1.7 3.3 1.0 

oldest age group (p > 0.05). In large part, 
this is because the relationship between age 
and level of independence is confounded to 
a greater extent by differences in injury 
severity among persons with quadriplegia 
than among persons with paraplegia. 

As expected, when the analysis was strati
fied by time postinjury, the percentage of 
younger persons (below age 46 years) who 
were independent decreased slightly with 
advancing time after injury. However, this 
trend was not observed among older per
sons, probably due to differential survival 
rates in the older age groups for persons 
who were and were not independent. 

After controlling for differences in sex, 
race, neurological level of lesion, degree of 
injury completeness, and ventilator usage by 
using logistic regression analysis, persons in 
each successive age group were increasingly 
less likely to be independent in selfcare 
activities than the 16-30 year old age group 
(p < 0.05). In fact, persons in the oldest age 
group were only 16% as likely to be 
independent in selfcare activities as persons 
between the ages of 16 and 30. 

Older persons were slightly more likely to 
be ambulatory than younger persons be
cause of the trend toward higher percen
tages of persons with incomplete motor 
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Table II Health status measures (expressed as percentages and odds ratios) for each study 
population age group 

Age group (years) 
Health status 
indicator 

Independence 
Self care 

% 
OR 

1-15 

48.6 
0.35 

16-30 31-45 

61.9 61.3 
1.00 0.84 

46-60 61-75 76+ p 

56.2 39.5 29.1 <.0001 
0.56 0.19 0.16 

95% CI 0.19-0.67 0.74-0.95 0.47-0.67 0.15-0.24 0.09-0.30 
Ambulation 

% 21.9 22.6 20.3 30.1 29.0 28.7 <.0001 
OR 1.43 1.00 0.92 1.35 1.00 0.94 

95% CI 0.70-2.96 0.80-1.06 1.12-1.62 0.78-1.29 0.55-1.61 
Ventilator use 

% 11.4 1.7 1.8 2.6 3.5 4.3 <.0001 
OR 2.82 1.00 1.09 1.84 2.63 3.78 

95% CI 1.22-6.53 0.75-1.58 1.15-2.93 1.47-4.72 1.13-12.6 
Residence 

Private % 96.5 95.5 95.5 93.7 84.4 72.2 <.0001 
Nursing 0.9 1.4 2.3 4.1 12.4 22.2 
home % 
Other % 2.6 3.1 2.2 2.2 3.2 5.6 

Nursing home 
OR 0.72 1.00 1.64 3.05 11.1 22.2 

95% CI 0.10-5.24 1.16-2.32 2.03-4.56 7.52-16.3 12.0-41.0 
Rehospitalization 

% 37.0 26.5 27.5 30.9 33.5 33.7 <.0001 
OR 1.40 1.00 1.00 1.17 1.32 1.22 

95% CI 0.92-2.14 0.90-1.11 1.01-1.36 1.06-1.63 0.75-1.99 
Rate/WOO 556 398 398 

functional mjuries as age advanced 
(p < 0.0001). In fact, after controlling for 
differences in sex, race, neurological level of 
lesion, Frankel grade, and ventilator usage 
by using logistic regression analysis, no 
trend was observed in the odds ratios for 
independent ambulation for each age group. 

There was a steady increase in the percen
tage of persons using ventilators beginning 
at age 16 that reached 4.3% in the oldest age 
group (p < 0.0001). Ventilator usage was 
rare among persons with paraplegia; while 
among persons with quadriplegia, ventilator 
usage increased from 3.1 % among the 
16-30 year olds to 6% in the oldest age 
group. Based on the results of the logistic 
regression analysis, persons in the oldest age 
group were 3.78 times more likely to require 
use of a ventilator than persons in the 16-30 
year old age group (p < 0.05). Smaller but 
nonetheless statistically significant increases 

453 524 535 <.0001 

in the odds ratios for ventilator usage were 
also found for persons in the 61-75 year old 
age group and the 46-60 year old age group 
(p < 0.05). When the analysis was stratified 
by time after injury for persons of compar
able age, ventilator usage was slightly more 
common during the first 5 years after injury, 
probably due to differential survival rates 
for ventilator users and nonusers. 

Due to the high percentage of persons 
with Cl or C2 injury levels in the pediatric 
age group, ventilator usage was actually 
highest among persons in that group. 
However, even after controlling for differ
ences in neurological level of lesion, Frankel 
grade, sex, and race by using logistic regres
sion analysis, persons in the pediatric age 
group were still 2.82 times more likely to 
require use of a ventilator than persons 
between the ages of 16 and 30 (p < 0.05). 

Most persons regardless of age were living 
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in private residences. However, the percen
tage of persons living in private residences 
decreased steadily from 96.5% in the pe
diatric age group to 72.2% in the oldest age 
group (p < 0.0001). Conversely, the per
centage of nursing home residents rose 
steadily from 0.9% in the pediatric age 
group to 22.2% in the oldest age group. In 
fact, among persons in the oldest age group 
who had quadriplegia, 25.3% resided in 
nursing homes. This compared with 13.3% 
of persons with paraplegia in that age group. 
After controlling for the confounding effects 
of sex, race, neurological level of lesion, 
Frankel grade, and ventilator usage, per
sons in the oldest age group were 22.2 times 
more likely to reside in nursing homes than 
their 16-30 year old counterparts (95% CI, 
12.0-41.0). There were also statistically 
significant increases in the likelihood of 
nursing home residence for persons in the 
61-75 year old age group (OR, 11.1; 95% 
CI, 7.52-16.3), the 46-60 year old age 
group (OR, 3.05; 95% CI, 2.03-4.56), and 
the 31-45 year old age group (OR, 1.64; 
95% CI, 1.16-2.32) relative to persons 
between 16 and 30 years of age. 

The pediatric age group contained the 
highest percentage of persons rehospitalized 
during the year (37%). Excluding that age 
group, the percentage of rehospitalized per
sons increased steadily with advancing age 
from 26.5% in the 16-30 year old age group 
to 33.7% in the oldest age group 
(p < 0.0001). Stratified analyses revealed 
that the percentage of persons who were 
rehospitalized was slightly higher during the 
first 5 years after injury than during later 
years for each age group. However, no 
meaningful differences in these percentages 
were observed between persons with para
plegia and persons with quadriplegia of 
comparable ages. Using multiple logistic 
regression analysis to control confounding 
due to relatively small sample sizes in the 
youngest and oldest age groups, only the 
46-60 year old age group and the 61-75 
year old age group had a significantly 
increased risk of rehospitalization compared 
to the 16-30 year olds (p < 0.05). 

Many persons with spinal cord injuries 
experienced more than one rehospitaliza
tion during the year. When these multiple 

rehospitalizations were considered, the hos
pital discharge rate per thousand persons 
increased from 398 for persons between 16 
and 45 years of age to 535 for persons over 
75 years of age. Once again, because of the 
increased percentage of high level cervical 
injuries in the pediatric age group, it experi
enced the highest hospital discharge rate of 
556 per thousand persons. 

Discussion 

This is the first study of which we are aware 
that has assessed broad measures of current 
health status in a large national sample of 
persons with relatively recent spinal cord 
injuries. Our study revealed that current age 
was an important predictor of health status 
following spinal cord injury, whereas time 
postinjury appeared to be considerably less 
important in most instances. A possible 
explanation for this finding could be the 
relatively short average time after injury for 
the study popUlation. 

In general, based on the indicators in
cluded in this study, the vast majority of 
persons with spinal cord injuries appear to 
be doing quite well. Almost everyone lived 
in a private residence, most were indepen
dent in performing selfcare activities of daily 
living, and few required ventilatory assis
tance. 

While few significant differences were 
observed between 16 and 60 years of age, 
persons in the two oldest age groups demon
strated lower levels of health status than 
younger individuals. Persons in the oldest 
age groups were most likely to have cervical 
lesions and require the use of a ventilator. 
Perhaps our most striking findings were the 
high likelihood of nursing home residence in 
the two oldest age groups and the relatively 
low probability of independence in perform
ing selfcare activities of daily living for those 
same age groups. In fact, a more detailed 
study of functional independence at dis
charge from rehabilitation by Yarkony et al 
yielded similar results.11 Interestingly, al
though rehospitalization rates for treatment 
of secondary medical complications were 
high for all age groups in our study popula
tion, they were not as strongly correlated 



with advancing age as was originally hypo
thesized. 

Given the lower likelihood of functional 
independence for older persons with spinal 
cord injuries, it is not surprising that Krause 
and Crewe found lower activity levels, 
including reduced sitting tolerance, less 
frequency of leaving home on outings, and 
fewer weekly visitors, as well as less satisfac
tion with sex life and lower overall self-rated 
adjustment, as age increased.6 Moreover, 
these trends occurred despite the fact that 
their study was limited to persons no older 
than 65 years of age. 

Given increasing life expectanciesl2 and 
the trend toward increasing age at injury, 13 

our findings, if confirmed, have implications 
that are important for the future of the 
model spinal cord injury care system pro
gram. The decline in independence levels 
that occurs with advancing age will inevit
ably result in increased burdens on an aging 
spouse and other family members. Numer
ous case studies have demonstrated that 
costs for attendant care, household assis
tance, and rehospitalizations may increase 
substantially. 14.15 

It should be noted that the associations 
between age and health status observed for 
our study population are very similar to 
those observed in the general population. 
Although the older population is heterogen
eous with regard to health status, there is 
clearly an age associated decline in health. 
For example, among members of the gen
eral population residing in the community, 
the level of impairment also increases 
directly with age. However, for individuals 
of similar age, the proportion of persons 
who have impairment in their ability to 
perform activities of daily living is lower 
among members of the general population 
residing in the community than in our study 
population. The proportion of individuals in 
the general population having at least some 
difficulty in this area is about 10% for those 
between 65 and 69 years, 13% for those be
tween 70 and 74 years, 20% for those 
between 75 and 79 years, 34% for those 
between 80 and 84 years, and 57% for those 
over 85 years of age.16 By contrast, almost 
71 % of persons in our study population who 
were over 75 years of age were at least 
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partially dependent in performing activities 
of daily living (Table II). 

The use of nursing homes by the general 
population also tends to increase directly 
with advancing age. It is estimated that only 
about 1% of the general population be
tween 65 and 74 years of age reside in a 
nursing home at any time; whereas about 
6% of those between 75 and 85 years of age 
and about 22% of those over 85 years of age 
reside in nursing homes. 17 By contrast, 
12.4% of persons with spinal cord injuries 
between the ages of 61 and 75 and 22.2% of 
persons over 75 years of age reside in 
nursing homes (Table II). These figures 
suggest that persons with spinal cord injuries 
are more likely to enter nursing homes at an 
earlier age than members of the general 
population. 

Similarly, hospital usage as measured by 
the number of discharged patients and days 
of care typically increases with age for 
persons in the general population. The 
discharged patient rate per thousand, as 
estimated by the National Center for Health 
Statistics, increases from approximately 157 
for persons age 45 to 64, to 281 for persons 
age 65 to 74, to 427 for persons age 75 to 84, 
and 533 for those 85 and older. 18 By 
contrast, the discharged patient rate per 
thousand for the spinal cord injury popula
tion is considerably higher, reaching 453 for 
persons between 46 and 60 years of age, 524 
for persons between 61 and 75 years of age, 
and 535 for persons over 75 years of age. 
The days of care provided by hospitals 
closely parallel the age trend noted for 
discharged patients. In general, older per
sons account for a disproportionate amount 
of hospital use. The American Hospital 
Association has noted that although older 
persons make up only about 12% of the 
population, approximately 25% of all hos
pital admissions are for persons over age 65 
and that half of those admitted to hospitals 
are readmitted within a 12 month period. 19 

The model systems have long advocated 
the benefits of a routine annual follow up 
evaluation for most persons with spinal cord 
injuries. Given the findings of our study, 
more frequent return visits for older indi
viduals should be encouraged, Moreover, 
we must develop more cost-effective service 
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delivery mechanisms to meet the needs of 
elderly persons with spinal cord injuries. 14 
This might include more frequent use of 
public health nurses for in-home visits, 
cooperative living arrangements, enhanced 
linkages with independent living centers and 
an increased focus of their services toward 
problems associated with aging, and devel
opment of viable alternatives to nursing 
home placement such as lower cost interme
diate care facilities. 

We interpreted our findings cautiously for 
several reasons. First, the number of per
sons in the youngest and oldest age groups 
was not exceptionally large. Nonetheless, 
these age groups contained more than 100 
persons each. Second, no attempt has been 
made to assess the causal nature of the 
relationship between age and these health 
status indicators. It is possible that some of 
these relationships are confounded by fac
tors not included in the logistic regression 
models. However, additional confounding 
would occur only if an unincluded variable 
were related to both age and the health 
status indicator. Some potential confound
ing variables not included in this study are 
marital and financial status, insurance cov
erage, and comorbidities not related to the 
spinal cord injury. For example, although a 
general deterioration of health secondary to 
old age might cause nursing home place
ment, it is also possible that older persons 
were more likely to reside in nursing homes 
because they were more likely to live alone 
and to be without sufficient resources that 
would permit them to remain in their home. 
Other possible explanations could be that 
they were more likely to have had third 
party coverage of nursing home expenses, 
or they were more likely to have had other 
conditions independent of their spinal cord 
injury that required nursing home care. 
Even if advancing age is only a marker 
variable and not the actual cause of these 
changes in health status, it is still predictive 
of them and therefore can be useful for 
projecting future needs of the spinal cord 
injury population. 

An additional issue of concern is that this 
study did not involve a random sample of 
individuals. Since many individuals are typi
cally lost to follow up, it is possible that 

these results are somewhat biased toward 
poorer health status because persons who 
have problems are more likely to return for 
routine annual evaluations. This potential 
bias may be compounded by the fact that 
persons initially treated at model systems 
are on average more severely injured than 
persons initially treated elsewhere. 
However, these potential biases may be 
offset, at least partially, by this study popu
lation's participation in the organized multi
disciplinary follow up program of the model 
systems. These programs are designed to 
prevent the occurrence of secondary compli
cations that might lead to rehospitalization 
or nursing home stays. Therefore, addi
tional research is needed to confirm our 
results with either a prospective long term 
follow up study or a similar cross-sectional 
study based on a randon sample of indi
viduals with more elapsed time after injury. 
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