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Abstract
Study design Cross-sectional.
Objectives (1) Identify changes in employment status and earnings after spinal cord injury (SCI). (2) Estimate annual
indirect costs and lifetime indirect costs due to lost earnings for various age and neurologic categories of those with SCI. (3)
Compare our estimates with previous research.
Setting Medical university in southeastern United States.
Methods A population-based cohort of 307 participants met eligibility criteria of: (1) residual impairment resulting from
traumatic SCI, (2) at least 1 year post injury, (3) between 23 and 64 years old at time of injury, (4) <65 years old at time of
measurement, and (5) complete information on injury level, injury completeness, employment status, and earnings before
and after injury. Main outcomes were employment status and earnings at the time of injury and post injury. Earnings were
adjusted for inflation and the value of fringe benefits.
Results Employment rate decreased from 87% at the time of injury to 35% after injury. Average annual indirect costs were
$29,354 in 2019 dollars. Lifetime indirect costs for persons injured at age 25 varied by severity of injury, ranging from 0.5 to
2.3 million dollars. Lifetime indirect costs for persons injured at age 50 ranged from 0.3 to 0.6 million dollars.
Conclusions Our estimate of indirect costs is lower than the previously estimated number. However, the higher unem-
ployment rate and decreased earnings after SCI still make a heavy economic burden. With improvements in employment
outcomes after SCI, the indirect costs affecting individuals, their families, and society can be further reduced.

Introduction

Because spinal cord injury (SCI) is mostly associated with
high-level permanent losses in sensory and motor func-
tioning, it can lead to a heavy economic burden affecting
individuals, their families, and society. Although a primary
concern is the direct cost related to medical care, there are
also indirect costs related to productivity resulting in losses
in wages and fringe benefits. Indirect cost has been defined
as “the value of potential output that is lost as a result of any

reduction or elimination of work or other activity due to
SCI [1]”. The most recent indirect cost estimate is from
Canada, which indicates the lifetime indirect costs of SCI
are substantial, ranging from 0.7 million to 1.3 million (in
2011 Canadian dollars) assuming injured at age 35 [2]. The
estimated annual indirect cost accounts for 41% of the 2.67
billion total economic burdens associated with SCI in
Canada [2].

Indirect costs have typically been estimated by the
human-capital approach, the willingness-to-pay method, or
the friction cost method [3–7]. The human-capital approach
is a method that calculates the value of expected post-injury
lifetime earnings and fringe benefit losses as a representa-
tion of what the individual was expected to make in the
future had the injury never taken place, while the
willingness-to-pay method aims to estimate the value of lost
quality and quantity of life by asking what one would be
willing to pay to remove the risk of SCI and its con-
sequences. The friction cost method assumes the production
lost due to disease can be restored after a certain time period
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(friction period). It estimates the indirect costs by using data
from the frequency of friction periods, the length of the
friction period, absence and productivity, value of produc-
tion, and the macroeconomic consequences of absence and
disability. Besides the three methods, DeVivo, Whiteneck,
and Charles utilized a different approach to estimate the
indirect cost in a study involving thirteen SCI model sys-
tems centers (SCIMS) [8]. They interviewed employed and
unemployed participants (age range 15–57 at injury onset)
about their current wages and wages at the time of injury.
Indirect costs were estimated by the changes in earnings and
fringe benefits before and after injury.

To our knowledge, three major studies have estimated
indirect costs after SCI in the United States (US). Based on
a sample of 332 participants from the SCIMS, DeVivo et al.
[8] estimated the average annual indirect costs related to
SCI ranged from $34,375 (Frankel D, functional neurolo-
gically incomplete, the least impaired group) to $50,470 in
1992 dollars for those with Cervical 1 to Cervical 4
(C1–C4) level injuries (the most severely impaired group).
Berkowitz et al. [1] analyzed indirect costs based on inter-
views with 758 participants with SCI and found the average
annual indirect cost of SCI was $12,726 in 1988 dollars. In
a follow-up study by Berkowitz [3], the average annual
indirect cost increased to $13,566 in 1996 dollars.

All previous studies were based on participants identified
through clinical settings, which may have more severe
injury than that of a population-based cohort. Furthermore,
they were conducted in the 1980s and 1990s and have not
been updated since then. Our current study attempted to
provide the most recent estimates of indirect costs of SCI by
using the same approach as DeVivo et al. [8], and to expand
the previous work on the updated direct costs of care after
SCI [9, 10]. We examined the changes in employment and
earnings after SCI and then estimated annual and lifetime
indirect costs for various age and neurologic categories by
using a population-based sample. The new estimates were
compared with previous findings reported in 1995 [8].

Methods

Participants

The study sample was retrieved from all eligible participants in
the South Carolina SCI Outcomes Database, which routinely
collects data on a population-based cohort with traumatic SCI
who were injured and treated in South Carolina. All partici-
pants in the South Carolina SCI Outcomes Database were
initially identified through the SCI surveillance system registry
in South Carolina (SCISSR), which collects all discharge
records of SCI from all nonfederal hospitals in the state. The
SCISSR also validates the accuracy of the information from

randomly selected medical charts and verifies the data quality.
More details of SCISSR can be found elsewhere [11].
Approval was obtained from the Institutional Review Board of
the Medical University of South Carolina (approval #:
Pro00072655). During the study period of 2016, 307 partici-
pants met the inclusion criteria of: (1) residual effects resulting
from traumatic SCI, (2) at least 1 year post injury, (3) age
between 23 and 64 years at the time of injury onset, (4)
younger than 65 years at the time of measurement, and (5)
complete information on injury level, injury completeness,
employment status, and earnings before and after injury.

Measures

We used four neurologic categories to measure injury severity
and impairment: (1) C1–C4 level and nonambulatory, (2)
C5–C8 level and nonambulatory, (3) T1-S3 level and non-
ambulatory, and (4) ambulatory group regardless of injury
level. Because we did not measure the American Spinal Injury
Association Impairment Scale (AIS) directly, we used ambu-
latory status as a proxy for AIS D injury. Otherwise, partici-
pants were grouped into nonambulatory categories (a proxy
for AIS ABC injury). This classification is for comparison
purposes with the previous study.

Earnings were grouped as follows: (1) <$10,000, (2)
$10,000–$14,999, (3) $15,000–$19,999, (4) $20,000–
$24,999, (5) $25,000–$29,999, (6) $30,000–$34,999, (7)
$35,000–$39,999, (8) $40,000–$44,999, (9) $45,000–
$49,999, (10) $50,000–$59,999, (11) $60,000–$74,999,
(12) $75,000–$99,999, (13) $100,000–$124,999, (14)
$125,000–$149,999, (15) $150,000–$174,999, and (16)
$175,000 or greater. To calculate the average earning losses
for all participants, we used a midpoint value for each
earning category. For example, $5000 was used as the
midpoint for the lowest category of <$9,999; $12,500 as the
midpoint for $10,000–$14,999, etc. The highest earning
category was $175,000 or more, and we defined $187,500
as the midpoint value for this category. If a participant was
not employed, earnings were set to $0. See the Supple-
mentary Appendix for the full study instrument.

Analyses

All analyses were conducted using SAS v9.3. The chi-
square statistic was used via the McNemar test to examine
the within-individual difference in employment status
before and after injury. Paired t-test was performed to
compare the pre- and post-injury earnings.

To estimate the indirect costs, each participant’s pre- and
post-injury earnings were adjusted for inflation in 2019
(March) dollars using the Employment Cost Index [12].
Because fringe benefits varied historically, we adjusted
them for pre- and post-injury earnings separately. By using
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data from the Department of Labor in 2008 (median year at
injury), pre-injury earnings were increased by 30.3% to
reflect the net present value of fringe benefits [13]. By using
data in 2016 (median year at follow-up), post-injury earn-
ings were increased by 31.5% to reflect the net present value
of fringe benefits [14]. The annual indirect costs, defined as
the annual forgone earnings and fringe benefits, were cal-
culated as the difference in the sum of pre-injury earnings
and benefits before and after injury, using the same
approach as DeVivo et al. [8]. We took the summation of
individual differences and then calculated the average for
each neurologic category.

The lifetime indirect costs were calculated as present
value of future costs, which can be interpreted as funds set
aside at present in escrow for use throughout the lifetime. We
used the following formula [8] to estimate the lifetime
indirect costs accounting for increased productivity, the
normal probability of surviving, and the discount rate. We
are assuming no differences in survival probability as a
function of injury severity, although we know that is not the
case. We are doing this because our lifetime indirect costs
estimate what people with SCI lost assuming they had the
same survival probability as the general population. Adjust-
ing figures for injury severity would result in misleading
findings (i.e., those with more severe injuries would have
lower lifetime indirect costs). The normal probability of
surviving was obtained from US Life Tables 2008 [15], and
the annual productivity increase was assumed to be 2% based
on average productivity increases for the general population
between 1990 and 2018. We assumed discount rates to be 2,
4, and 6% separately as the previous study did [8].

P
IWAGE� PWAGEð Þ NPStð Þð1þ pÞt�1=ð1þ dÞt�1;

where t= the number of years post injury, IWAGE= the
annual earnings plus the value of fringe benefits at the time
of injury, PWAGE= the annual earnings plus the value of
fringe benefits after SCI, NPSt= the normal probability of

surviving to post-injury year t in the absence of SCI given
survival to the year of injury, p= the assumed annual
increase in productivity, d= the discount rate, reflects the
real rate of return on investments over and beyond inflation.

Results

Demographic and injury characteristics are presented in
Table 1. The average age at injury was 40, and the average
years post injury were 9. Fifty-three percent were non-
Hispanic white. Most were male (75%) and AIS D injury
(61%). The majority (87%) of the 307 participants were
working at the time of injury, while only 35% of them had
ever worked after injury. The McNemar test indicated the
change was statistically significant (p < 0.01).

We compared the pre- and post-injury earnings among
employed participants (Table 2). The percentage in the
“$9999 or less” category increased from 10% pre-injury to
21% post-injury, while the earnings range from $25,000 to
$44,999 decreased from 35 to 17%. After using the mid-
point value for each earnings category and adjusting for
inflation and fringe benefits, the average earnings at the time
of injury among employed participants was $65,529, and
the average earnings at follow-up was $59,710. Then we
recalculated the average earnings by including those not
actively employed with their earnings set as zero. The

Table 1 Participant demographic and injury characteristics (n= 307).

Characteristics M (SD) or row %

Average age at injury 40.09 (0.55)

Average years post injury 8.87 (5.66)

Male 74.59

Non-Hispanic white 52.77

Neurologic categories

AISa (A, B, C) and C1–C4 level 3.91

AIS (A, B, C) and C5–C8 level 13.68

AIS (A, B, C) and T1-S3 21.82

AIS D 60.59

aAIS American Spinal Injury Association Impairment Scale.

Table 2 Earnings comparisons between pre-injury and post-injury
among employed participants.

Pre-injury Post-injury

n %a n %a

$9999 or less 27 10.15 23 21.30

$10,000–$14,999 27 10.15 13 12.04

$15,000–$19,999 22 8.27 5 4.63

$20,000–$24,999 28 10.53 10 9.26

$25,000–$29,999 24 9.02 3 2.78

$30,000–$34,999 27 10.15 8 7.41

$35,000–$39,999 19 7.14 4 3.70

$40,000–$44,999 22 8.27 3 2.78

$45,000–$49,999 18 6.77 8 7.41

$50,000–$59,999 18 6.77 10 9.26

$60,000–$74,999 18 6.77 7 6.48

$75,000–$99,999 4 1.50 4 3.70

$100,000–$124,999 8 3.01 5 4.63

$125,000–$149,999 0 0.00 2 1.85

$150,000–$174,999 1 0.38 1 0.93

$175,000 or greater 3 1.13 2 1.85

Total of employed participants 266 100 108 100

Total of unemployed participants 41 199

aThe percentages were calculated among employed participants.
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average unconditional earnings was $52,680 at the time of
injury and $23,326 post injury. The average earnings was
significantly decreased (p < 0.01).

After adjusting for inflation and fringe benefits, the
average annual indirect cost was $29,354 in 2019 dollars
(Table 3). It ranged from $24,125 for AIS D injury to
$40,221 for AIS (ABC) and C1–C4 level injury. We
adjusted the previous estimates by DeVivo et al. [8] to 2019
dollars for comparison purposes. Their average indirect cost
was $79,161, ranging from $71,844 to $105,482, which was
substantially higher than the present estimates. We provided
their original figures in 1992 dollars in Table 3. They were
also higher than our current estimates.

The new estimates of the present value of average life-
time indirect costs (2019 dollars) are presented in Table 4.
The results were classified by four neurologic groups for
persons who were injured either at 25 or at 50 years old. For
someone injured at 25 years old, assuming zero discount
rate, the present value of average lifetime indirect costs
ranged from 1.4 million to 2.3 million. Assuming a 6%
discount rate, the present value ranged from 0.5 million to
0.8 million. The estimated lifetime indirect costs of people
injured at 50 years old were reduced substantially because
of fewer years of eligible remaining employment. With zero
discount rate, the comparable present value of average
lifetime indirect costs reduced to 0.4 million and 0.6

million. The value would be 0.3 million and 0.4 million
assuming a 6% discount rate. Previous estimates were
adjusted in 2019 dollars (Table 5), ranging from 1.4 million
to 5.6 million for 25 years old and 0.8 million to 1.7 million
for 50 years old. These figures were substantially higher
than our estimates in all neurologic categories.

Discussion

Indirect costs are an enormous economic burden after SCI.
Our study showed the employment rate decreased from 87
to 35% between pre- and post-injury among 307 study
participants who were younger than 65 years at the time of
measurement. The indirect costs related both to the dimin-
ished employment rate and to the lower earnings. Therefore,
both need to be addressed to reduce indirect costs over time.

Not surprising, the indirect costs were related to injury
severity, as indicated by both neurologic level and com-
pleteness of injury. The indirect costs are particularly high
for those with more severe injuries who were injured early
in life, so the most likely success in reducing indirect costs
is to focus on those who were injured earlier in life, parti-
cularly in terms of promoting transition to employment.
Fortunately, those who are younger at SCI onset have sig-
nificant advantages in terms of transitioning to employment.
Krause et al. [16] found participants with SCI onset at an
age younger than 25 had a 15% higher employment rate
than those injured after the age of 45. A similar trend was
observed by Hirsh et al.: the younger the age at SCI onset,
the higher the employment rate [17]. On the other hand, the
earnings differential is much less significant for those who
return to the pre-injury employer [18]. Therefore, efforts to
maximize return to work among those employed at the time
of injury have great potential to limit indirect costs.

Reducing indirect costs after SCI requires improvement
in many areas, such as encouraging higher educational
achievement, providing job retraining programs, eliminat-
ing financial disincentives, and removing environmental

Table 3 Annual forgone earnings, including fringe benefits.

AIS A, B, or C AIS D Total

C1–C4 C5–C8 T1-S3

Current study estimatea

n 12 42 67 186 307

Mean (2019 dollars) $40,221 $37,867 $36,588 $24,125 $29,354

1995 study estimate [8]

n 34 79 135 84 332

Mean (1992 dollars) $50,470 $39,753 $35,783 $34,375 $37,876

Mean (2019 dollars) $105,482 $83,084 $74,786 $71,844 $79,161

aThe current study used ambulatory status as a proxy for injury
completeness.

Table 4 Present value of
average lifetime indirect costs
(2019 dollars) based on current
estimatea.

Age at injury Discount rate AIS A, B, or C AIS D

C1–C4 C5–C8 T1-S3

25 0 $2,297,374 $2,162,916 $2,089,861 $1,377,990

2 $1,536,280 $1,446,367 $1,397,514 $921,478

4 $1,088,172 $1,024,485 $989,882 $652,698

6 $812,421 $764,873 $739,039 $487,299

50 0 $629,883 $593,018 $572,988 $377,811

2 $547,973 $515,902 $498,476 $328,680

4 $481,393 $453,219 $437,911 $288,745

6 $426,816 $401,836 $388,264 $256,009

aThe current study used ambulatory status as a proxy for injury completeness.
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and attitudinal barriers. Employers also play an important
role in facilitating the employment outcome of people after
SCI. When employers are willing to accommodate mod-
ifications such as job adaptation, decreased work hours, and
structural changes to work environment, people are more
likely to return to work after SCI [19, 20]. However, simply
improving the employment rate alone is not sufficient to
reduce indirect costs fully, as earnings differential, parti-
cularly among those transitioning to new employment after
SCI, is substantial. State vocational rehabilitation programs
often prioritize post-injury employment, defined by 90 days
of substantial gainful employment, typically reaching a
level of earnings that reduces or eliminates economic ben-
efits. Losing these benefits provides a significant disin-
centive to employment. If vocational rehabilitation practices
are to be maximally successful in reducing indirect costs,
they must look beyond 90 days of gainful employment and
promote quality employment throughout the lifecycle,
including higher earnings, better jobs, and greater work life
expectancy. To improve the employment outcome for
people with SCI, we should also narrow the gap between
males and females. The literature indicates women have less
work hours and lower earnings after SCI when compared
with men [16, 21, 22].

While the direct costs of care for SCI have increased over
the last 25 years [9, 10], it is interesting to note that the new
estimates of indirect costs of SCI, based on the employment
and earnings changes after SCI, are less than those pre-
viously reported in 1995 [8]. One possible explanation is
the earnings gap between pre- and post-injury for those who
were employed at both time points was narrowed over time.
The earnings gap may have been larger 20 years ago,
especially before the Americans with Disability Act, which
prohibits discrimination based on disability and provides
qualified disabled individuals with equal opportunities. The
previous study [8] found the average post-injury annual
wages plus the fringe benefits were 71% of the pre-injury
values after adjusting for inflation and productivity among
those employed both before and after injury. Our study’s
comparable figure was 91%, which suggests a smaller gap.

Another possibility is SCIMS participants in the previous
study included the clinical sample from rehabilitation spe-
cialty hospitals, including several large cities. It is possible
that their higher earnings and earnings lost lead to higher
indirect cost estimates than our estimates based on a South
Carolina population-based sample.

Study limitations

Our study has several limitations: we used a cross-sectional
measure and only represented the time point at which the
data were collected. All the data are self-reported with no
attempt of verification. Memory of pre-injury earnings may
not be completely accurate, and people may underreport
post-injury earnings based on fear of losing benefits if
someone finds out their true earnings. Our estimates were
only based on the perspective of employment and earnings.
We did not take societal and household perspectives into
consideration, such as losses of tax revenue, vocational
rehabilitation program, insurance subsidies, and family
member productivity losses due to the caregiver role.

We attempted to make our analyses as comparable as
possible with those previously reported by DeVivo et al.
[8], but we need to be cautious due to the following
methodological differences. Our earnings data were repor-
ted as 16 categories by participants, and the highest earnings
were capped at $187,500 when we used the midpoint fig-
ures to calculate average earnings. There is a possibility that
true earnings may deviate among those with extremely high
incomes. This may underestimate the indirect costs com-
pared with the previous study, which asked the actual
income from participants. Using categories does limit the
potential effects of high incomes from disproportionately
affecting the average earnings. We did not have data on
current student status, so we excluded those who might be
students at the time of injury (22 and younger), while the
previous study included participants older than 18. Our
study was based on earnings information from South Car-
olina using a population-based cohort, while the previous
study used the clinical samples from hospitals [8]. For the

Table 5 Present value of
average lifetime indirect costs
(2019 dollars) based on 1995
estimate [8].

Age at injury Discount rate AIS A, B, or C AIS D

C1–C4 C5–C8 T1-S3

25 0 $5,580,965 $4,395,759 $3,956,769 $3,801,534

2 $3,769,340 $2,967,813 $2,672,462 $2,567,511

4 $2,694,020 $2,122,293 $1,910,912 $1,835,718

6 $2,028,485 $1,599,423 $1,438,835 $1,382,222

50 0 $1,666,886 $1,312,932 $1,181,813 $1,134,061

2 $1,452,935 $1,143,247 $1,030,125 $988,457

4 $1,278,812 $1,006,360 $906,671 $869,960

6 $1,135,884 $893,977 $805,336 $772,709

912 Y. Cao, J. S. Krause



same reason, we need to be cautious when applying abso-
lute dollar figures to other states where there may be dif-
ferences in overall earnings.

Conclusion

This study is the first attempt to estimate the indirect costs
after SCI since the 1990s. Although indirect costs are lower
when compared with the estimates 20 years ago, they are
still a heavy economic burden affecting individuals, their
families, and society. To reduce the impact of indirect costs,
we need to address the problem of the high unemployment
rate after SCI and the gap between pre-injury and post-
injury earnings, focusing on promoting successful
employment throughout the work lifecycle after SCI.

Data availability
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