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ABSTRACT

Background The objectives of this research were
to determine the savings of loss-of-life expectancy
(LE) and lifetime medical costs (LMC) from
prevention of spinal cord injuries (SCI) in Taiwan.
Methods From the claims database of Taiwan
National Health Insurance, we identified 6164 adult
patients with newly diagnosed SCI with permanent
functional disability from 2000 to 2015 and
followed them until the end of 2016. We estimated
survival function through the Kaplan-Meier method
and extrapolated it to lifetime.

Results For the SCI cohort, the LE and loss-of-LE
were 17.6 and 13.3 years, respectively, while those
for SCI with coding of external causes (E-code)
were 18.1 and 13.0 years, respectively. For the SCI
cohort with E-code, the loss-of-LE of motor vehicle
(MV)-related SCI was significantly higher than

that of fall-related SCI. In young and middle-aged
patients with SCI with E-code, the loss-of-LE of
MV-related paraplegia was significantly higher than
that of MV-related quadriplegia and fall-related SCI.
With a 3% discount rate, the LMC for patients with
SCI after diagnosis were US$82 772, while those
for patients with SCI with E-code were US$81 473.
The LMC and the cost per year for those living with
quadriplegia were significantly higher than those for
paraplegia in all age groups, possibly related to the
higher frequencies of stroke, chronic lung disease
and dementia.

Conclusions We conclude that quadriplegia has a
higher impact on medical costs than paraplegia, and
MV-related SCI has a higher impact on loss-of-LE
than fall-related SCI. We recommend comprehensive
SCI prevention be established, including
infrastructures of construction and transportation.

INTRODUCTION

Injuries and their associated disabilities impose
substantial economic and disease burden. Spinal
cord injury (SCI) is one of the most serious
injuries that occur all over the world." It was
supposed for many decades that once SCI had
occurred, the damage of the central nervous
system was persistent and recovery was impos-
sible. Although neurorestorative interventions
have been shown to be beneficial, there is no
effective treatment to restore SCI.> The propor-
tion returning to work differs substantially by
injury group and is the lowest in spinal cord-
injured patients compared with other injury

groups, like chest and abdominal injuries.’ The
costs of SCI for both individuals and societies
are high.*"® In clinical settings, several combi-
nations of measures have been used to provide
different views on the healthcare burden of inju-
ries.” Reasonable estimations of the life expec-
tancy (LE), loss-of-LE and lifetime medical costs
(LMC) are of tremendous value for decision-
making in medical research, healthcare financing
and healthcare policies.

Krueger et al® collected statistical data on
healthcare costs in patients with SCI and
found that healthcare costs were the greatest
for patients with quadriplegia during initial
care and for subacute care and long-term care.
However, due to unavailable data, several
estimates for different categories of health-
care costs were not measured (eg, paramedical
services, diagnostic evaluation and outpatient
medications). In Taiwan, the mean cost per
hospitalisation of patients with SCI is around
US$8000, which is significantly higher than
hospitalisations due to other major injuries.’
For several decades, the mortality rates after SCI
have remained elevated, and the LE was most
significantly reduced in persons with higher
level injuries and more severe impairments.®
The mean medical cost after SCI increased with
age, and in every age group there was consid-
erable variance.” However, costs resulting from
conditions that were not directly related to SCI
were not measured, possibly due to unavailable
data. Comprehensive estimates of LMC and the
cost per year (CPY) for those living with SCI
in different age groups, types and aetiologies of
SCI can serve as a basis for allocation of health-
care resources, which is why relevant research in
this area is of importance to patients with SCI.

The aim of this study was to provide compre-
hensive estimations of the savings of loss-of-LE
and LMC from prevention of SCI in Taiwan.

MATERIALS AND METHODS

Study design and patient identification

We used ICD-9 (International Classification of
Diseases, Ninth Edition) diagnosis codes 806 (SCI
with fracture of vertebral column) and 952 (SCI
without evidence of spinal bone injury) to repre-
sent SCI'’ in the nationwide health insurance claims
database and interlinked them with two other data
sets, the Taiwan Mortality Registry (2000-2015) and
the Taiwan National Vital Statistics (2000-2015), as
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Figure 1  Flow diagram of patients with spinal cord injury (SCI) and
their relevant information for estimation of lifetime survival function,
life expectancy (LE) and lifetime medical costs.

summarised in figure 1. All patients =16 years of age with newly
diagnosed SCI were included. The index date was the date of the
first hospitalisation due to SCI within the period from 1 January
2000 to 31 December 2015. There were four groups of anatom-
ical sites for SCI, including cervical (806.0-1, 952.0), thoracic
(806.2-3, 952.1), lumbar (806.4-5, 952.2) and sacral (including
cauda equina) levels, excluding uncertain levels (806.8-9 and
952.8-9)." Due to the sparse number of cases, the latter three
(ie, thoracic, lumbar and sacral levels) were combined for analysis
and designated as paraplegia.'*™'* The Registry for Catastrophic
Illness by the National Health Insurance (NHI) of Taiwan was
used as a proxy for identifying patients with SCI with permanent
functional disability (n=6164). A code of external cause (ICD-9
External Cause of Injury Code, E-code) was provided for about
64.5% of patients with SCI, which was used to identify patients
with SCI with E-code (n=3975) (online supplemental figure 1).
Thus, they were further stratified into subgroups according to
motor vehicle (MV; E-codes: E810-E848), fall-related (E-codes:
E880-E888) and others at the first hospitalisation due to SCI.
The prevalence of major comorbidities 1 year before and after
SCI was also measured, including stroke, acute myocardial
infarction, chronic obstructive pulmonary disease (COPD), liver
cirrhosis, end-stage renal disease (ESRD), cancer, dementia,
Charlson Comorbidity Index" and concurrent traumatic brain
injury (TBI).

To assure the validity of diagnosis, we only included patients
with SCI recorded in the Registry for Catastrophic Illness. Since
the patients in this registry are waived from all copayments, each
of them must be certified by a specialist and validated by another

specialist to prevent abuse. Moreover, as patients with SCI with
temporary functional disability do not qualify for an exemption
of such copayment, our inclusion criteria would generally assure
the validity of diagnosis. The only chance of misclassification
for an elderly disabled patient with SCI would be those which
occurred before 1996 when the system was first established. In
this study, we only included new SCI cases after 2000 to guar-
antee diagnostic accuracy.

Survival function estimation and extrapolation

For the observed survival data of the study population, the
Kaplan-Meier method'® was adopted to assess survival function
S (t|index) along a follow-up period of F months, from the time
of onset t, to the end of the follow-up period ¢,. The Monte
Carlo method was used to create a reference population from
the life table of the calendar year matched with every patient of
the same age and gender. This life table was obtained through
information released by the Department of Statistics, Ministry
of the Interior. With the survival data from the simulated refer-
ence population, we were able to obtain the survival function
S (t|ref) , t =ty ti, ...., t; for the reference group. The rela-
tive survival function W(¢) was defined as the ratio of the survival
function in the study population to that in the reference popu-
lation at time ¢. Because patients with SCI are likely to suffer
from premature mortality, W(¢) would be a real number ranging
between 0 and 1, and logit W(#) curve would become linear after
an initial stage of about 1-2 years of treatment.'” Hwang and
Wang'® have suggested the following formula for the short time
period [t,, %] approaching the end of the follow-up period z,:

logit W (¢) = a+ St + &, fort, <t <t, 3

The logit W(¢) for extrapolation beyond the follow-up
period can be estimated with the logit W (t) = & + 5t , t > t;
, where a and § are the intercept and slope of the linear
model obtained with formula (3), respectively. Therefore,
the extrapolation formula for the survival function is as
follows:

S(t |index) = S(t |ref) x 712[:&;520 fort > tr 4

The restricted cubic spline model combined with a rolling-
over algorithm for extrapolation was used to fit the smooth
curve of the logit W(¢) to the entire follow-up period.'®
Formula (4) can thus be replaced by the following equation:
exp [Iogit W([F-Hz)}

S (tpirlindex) = S (tpyg|ref) x 1+exp[logit W(’F+k)]

fork=1,2,3,...,L—F

N

The area between the complete survival curves of the
reference population and the index cohort is an estimate of
the loss-of-LE. A 95% CI of the loss-of-LE estimate can be
obtained using bootstrap methods. We also validated this
novel method by using the first 10 years of data to predict
the survival rate at the end of the 16th year.

Estimation of medical costs

The Taiwan NHI is a reimbursement system under fee-for-
service. Patients with SCI and permanent functional disability
can be registered as having catastrophic illness and waived from
all copayments. While providing healthcare to a patient with
SCI, the responsible physician must differentiate whether the
care services could be attributed to the catastrophic illness and
waived from copayment. All costs reimbursed after SCI were
counted in the lifetime costs, but only those under the cata-
strophic illness category were counted as SCl-related. For the
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Table 1 Comparison of demographic and clinical characteristics between patients with quadriplegia and paraplegia

MV-related Fall-related Fall-related
Quadriplegia Paraplegia quadriplegia MV-related paraplegia quadriplegia paraplegia
Characteristics (n=4061) (n=2103) (n=1350) (n=473) (n=735) (n=487)
Age, mean (95% Cl), 51.6 45.4 49.4 38.9 55.4 47.4
years*t# (51.1 to 52.1) (44.7 to0 46.1) (48.6 t0 50.3) (37.5 to 40.4) (54.3 to 56.6) (45.9 to 48.9)
Follow-up period, mean ~ 88.9 99.3 96.4 109.6 82.6 95.2
(95% Cl), months*t# (87.2 t0 90.6) (96.9 t0 101.8) (93.5t099.3) (104.5 to 114.6) (78.6 t0 86.6) (90.3 to 100.1)
Age group* 1%
16-39 933 (23.0) 825 (39.2) 356 (26.4) 259 (54.8) 110 (15.0) 175 (35.9)
40-59 1794 (44.2) 824 (39.2) 605 (44.8) 158 (33.4) 340 (46.3) 190 (39.0)
60-99 1334 (32.9) 454 (21.6) 389 (28.8) 56 (11.8) 285 (38.8) 122 (25.1)
Sex*t#
Male 3346 (82.4) 1484 (70.6) 1137 (84.2) 337(71.3) 607 (82.6) 350 (71.9)
Female 715 (17.6) 619 (29.4) 213 (15.8) 136 (28.8) 128 (17.4) 137 (28.1)
Insured salary per
montht
Dependent 871 (21.5) 431 (20.5) 240 (17.8) 103 (21.8) 135 (18.4) 92 (18.9)
<US$650 1226 (30.2) 677 (32.2) 380 (28.2) 151 (31.9) 195 (26.5) 133 (27.3)
>US$650 1964 (48.4) 995 (47.3) 730 (54.1) 219 (46.3) 405 (55.1) 262 (53.8)
Concurrent TBI*t# 645 (15.9) 207 (9.8) 328 (24.3) 89 (18.8) 138(18.8) 53(10.9)
Number of cases with
major comorbidities
before SCI
Stroke 250 (6.2) 113 (5.4) 44 (3.3) 8(1.7) 56 (7.6) 29 (6.0)
AMI 18 (0.4) 9(0.4) 1(0.1) 1(0.2) 3(0.4) 2(0.4)
COPDT# 150 (3.7) 70 (3.3) 34 (2.5) 4(0.9 12 (1.6) 17 3.5
Liver cirrhosis 65 (1.6) 24 (1.1) 18(1.3) 3(0.6) 14(1.9) 5(1.0)
ESRD 58 (1.4) 39(1.9) 8(0.6) 0(0.0) 9(1.2) 1123)
Cancer 92 (2.3) 41 (2.0) 23(1.7) 4(0.9) 21 (2.9) 9(1.9)
Dementia 37(0.9) 17 (0.8) 3(0.2) 0(0.0) 12 (1.6) 5(1.0)
CClI* 1%
0 2450 (60.3) 1103 (52.5) 941 (69.7) 315 (66.6) 436 (59.3) 276 (56.7)
1 765 (18.8) 294 (14.0) 230 (17.0) 50 (10.6) 171 (23.3) 69 (14.2)
>1 846 (20.8) 706 (33.6) 179 (13.3) 108 (22.8) 128 (17.4) 142 (29.2)
Prevalent case numbers
of major comorbidities
after SCI
Stroke* 1% 753 (18.5) 303 (14.4) 264 (19.6) 52 (11.0) 142 (19.3) 72 (14.8)
AMI 67 (1.7) 44(2.1) 21 (1.6) 6(1.3) 10 (1.4) 10 (2.1)
COPD*t# 854 (21.0) 284 (13.5) 276 (20.4) 47 (9.9) 145 (19.7) 69 (14.2)
Liver cirrhosis 141 (3.5) 88 (4.2) 43 (3.2) 15 (3.2) 29 (4.0) 16 (3.3)
ESRD# 251 (6.2) 138 (6.7) 74 (5.5) 21 (4.4) 32 (4.4) 38(7.8)
Cancert# 362 (8.9) 174 (8.3) 111 (8.2) 23 (4.9) 79 (10.8) 35(7.2)
Dementiat 168 (4.1) 66 (3.1) 50 (3.7) 7(1.5) 40 (5.4) 15(3.1)
CClI* 1%
0 1006 (24.8) 252 (12.0) 331 (24.5) 48 (10.2) 186 (25.3) 43 (8.8)
1 611 (15.1) 104 (5.0) 219(16.2) 15(3.2) 116 (15.8) 20 (4.1)
>1 2444 (60.2) 1747 (83.1) 800 (59.3) 410 (86.7) 433 (58.9) 424 (87.1)

Values are in number of cases (percentages) unless otherwise specified.

AMI, ICD-9: 410; cancer, ICD-9: 140-208; COPD, ICD-9: 491-492; dementia, ICD-9: 290; ESRD, ICD-9: 585; liver cirrhosis, ICD-9: 571.2, 5, 6; TBI, ICD-9: 800-804 and 850-854;

stroke, ICD-9: 430-437.

*P<0.05, comparison between quadriplegia and paraplegia.

1P<0.05, comparison between MV quadriplegia and MV paraplegia.

$P<0.05, comparison between fall-related quadriplegia and fall-related paraplegia.

AMI, acute myocardial infarction; CCl, Charlson Comorbidity Index; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; ICD-9, International
Classification of Diseases, Ninth Edition; MV, motor vehicle; SCI, spinal cord injury; TBI, traumatic brain injury.

purposes of comparison, all costs were transformed into 2016
new Taiwan dollars (NT$), according to the consumer price
indices for the healthcare service basket in Taiwan from 2001 to
2016." The exchange rate in 2016 was US$1 to NT$32.3. The

cost estimation was based on a 3% discount rate.”’ In accordance
with the model designed by Basu and Manning,”' the mean
accumulated costs over a specific period of time can be repre-
sented by the sum of the weighted average of the mean costs
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in expired cases during that period of time and the expected
costs of non-deceased cases during the same period. Hwang et
al'® have extended the concept into the following formula after
obtaining the lifetime survival function through the aforemen-
tioned extrapolation algorithm:

R N R k k—I N
C) = bt x ) + S 11 [1 - h(tl-)]
N . k N
xh(t; + k) x Cylt) + T1 [1 = ity + 1) ©)
1=0

xCy + ()

where C; (t,-) , k=0, 1, ..., K represents the estimated mean costs
in the jth month for subjects who died in the (j+k)th month. The

corresponding weights f:l [1 —h (t,-)} x h (tj+1) represent the

proportion of subjects who were still alive in the jth month and
survived until the (j+k)th month. C+ (#) is the mean cost in the jth
month for subjects who did not die in the next K months. The above
estimations were performed using ISQoL2 software, which is based
on R language.

Statistical analysis

Differences between various types of SCI were assessed using an inde-
pendent t-test for continuous variables and the * test for nominal
variables. A p value of <0.05 was considered to indicate statistical
significance. We examined differences in per-person LE and LMC
between the groups using a two-sided z-test (two-sided alpha error
<0.05). Standardised mortality ratios (SMRs) were calculated as the
observed to expected ratio based on the age-specific, sex-specific and
calendar year-specific mortality rates in the Taiwanese population.
All statistical analyses were performed with the SAS V.9.3 statistical
package.

RESULTS

Sociodemographic characteristics of the study population

As summarised in table 1, we recruited a total of 6164 newly diag-
nosed adult patients with SCI. About two-thirds of the cases were
quadriplegia, while one-third were paraplegia, with the average age
of the former being 6 years older than the latter, or 51.6 vs 45.4 years
old. Men accounted for 82.4% of patients with quadriplegia and
70.6% of patients with paraplegia. The majority of external causes in
SCI were MV and fall. We classified patients with quadriplegia with
E-code into MV-related (n=1350) and fall-related (n=735) injuries,
while the proportion of paraplegia with E-code was almost 1 to 1
for MV-related and fall-related injuries according to external cause
codes. The mean age of MV-related paraplegia was the youngest
among the SCI cases resulting from external causes. The number of
concurrent TBI was higher in quadriplegia than that in paraplegia.
Comparing the prevalence of major comorbidities before and after
SCI onset, patients with quadriplegia seemed to have higher frequen-
cies of stroke, COPD and dementia than paraplegia (table 1).

Estimations of SMR, LE, loss-of-LE and LMC in SCI

The 17-year follow-up data were used to extrapolate the lifetime
survival time up to the 50th year after diagnosis for the estimation
of the LE, which was 17.6 years after diagnosis of SCI, as depicted
in figure 2. The validation study showed that the relative biases of
extrapolation from the end of the 10th year to the 16th year for
each stratified subcohort were all less than 10% (two-thirds of the
subgroups less than 3.5%), as summarised in online supplemental
table 1. Compared with the sex-matched and age-matched referents,
the LE and loss-of-LE were 17.6 and 13.3 years, respectively, for
patients with SCI. Namely, the slope of logit transformation of the
survival ratio is estimable for patients with SCI.

(A) (B)
— Reference

— =~ Index (before extrapolation)
-+ Index (extrapolation)

— observations

— = restricted cubic spline
08

06

04 ".13.3 years

Sunvival probability

17.6years .
02

Logitof ratio
SN e s o o N

Time in months Time in months

Figure 2  Estimation of lifetime survival function in patients with
spinal cord injury (SCI). (A) The red dashed line curve indicates the
survival curve of SCl estimated by Kaplan-Meier method, which was
extrapolated to lifetime depicted as blue dotted line. The loss-of-life
expectancy is the area difference between the survival curves of SCI and
age, sex, calendar year matched referents simulated from vital statistics
(black line). (B) A typical logit-transformed curve of the survival ratio
between the index cohort and the matched referents from beginning

to the end of follow-up (black line). The restricted cubic spline model
(red dashed line) fits very well with the real logit-transformed curve
throughout the entire follow-up period. Then, it was combined with a
month-by-month rolling-over algorithm to extrapolate to lifetime for the
index cohort,'® as illustrated by the blue dotted line in (A).

There seems to be no significant difference in the estimates of LE
and loss-of-LE between male and female patients with SCI. Among
the traumatic SCI cases, however, the loss-of-LE of MV-related SCI
was higher than that of fall-related SCI, or 17.5 years (95% CI 15.0
to 19.0) vs 11.7 years (95% CI 7.8 to 14.6 years) (table 2). Among
young and middle-aged adult patients with SCI (namely, 16-59
years old), the loss-of-LE of MV-related paraplegia was significantly
higher than that of MV-related quadriplegia (27.3 vs 18.5 years old),
as summarised in table 3. The LE and loss-of-LE estimates for the
different types of SCI stratified by age groups are summarised in
online supplemental table 2.

The LMC and SCl-related LMC stratified by sex, age and trau-
matic causes are shown in table 2. The CPY for those living with
SCI stratified by age and level of injury is shown in online supple-
mental table 2. After applying a 3% annual discount rate, we found
that there was no significant difference between different genders of
patients with SCI for the estimated LMC and CPY values. The SCI-
related LMCs were around 60%-70% of LMCs (tables 2 and 3 and
online supplemental table 3).

DISCUSSION

Strengths of this study

This is the first population-based cohort study from Asia to assess
the LE, loss-of-LE, LMC, SCl-related LMC and CPY for patients
with SCI with permanent functional disability stratified by level of
injury, age and aetiologies. The major strengths of this study include
at least the following features: First, this is a nationwide collection
of subjects with SCI with a large sample size, 17 years of follow-up,
and comprehensive data on the level of injury, age and medical
costs, and 64.5% were coded with external causes. As patients with
SCI included in the Registry for Catastrophic Illness are eligible to
waive all copayments, the accuracy of diagnosis has been assured by
two specialists and NHI audits. Second, since our validation study
of using the first 10 years of data to extrapolate to the end of the
16th year shows a less than 10% relative bias (two-thirds of the
subgroups less than 3.5% in online supplemental table 1), it would
be reasonable to speculate that our extrapolation after follow-up
would be accurate. Third, charges pertaining to all medical condi-
tions in the NHI claims data related to SCI were comprehensive and
available, including conventional Western medicine and Chinese
medicine outpatient visits, dental visits, hospitalisations, medications
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Table 2 Health impact of SCI measured by LE, loss-of-LE, LMC (US$ with 3% discount) and SCl-related LMC stratified by sex, age and traumatic

causes (MV injuries and falls)

Loss-of-LE (year)

LMC (US$)

SCl-related LMC (US$)

Death (n) SMR LE (year)

All 1976 34 (33 to 36) 17.6 (16.6 to 19.6)
Sex

Male 1546 33 (31 to 35) 17.5(16.1 to 19.6)

Female 430 39 (35 t0 43) 17.7 (15.1 t0 22.4)
Age, year

16-39 237 77 (68 to 87) 27.8(23.51t035.7)

40-59 664 52 (48 to 56) 16.8 (15.4 to 19.0)

60-99 1075 26 (24 t0 27) 7.9(7.5t08.5)
Traumatic causes

MV injuries 462 32 (29 to 35) 16.9 (15.4 to 19.5)

Falls 402 30 (27 to 33) 18.0 (15.5 t0 22.0)

13.3 (11.1 to 14.1)

13.0(10.9 to 14.5)
14.3 (9.4 t0 16.9)

20.5(12.7 t0 24.9)
13.1(10.8 to 14.4)
7.0(6.4t07.5)

17.5(15.0 to 19.0)*
11.7 (7.8 to 14.6)*

82 772 (78 949 to 86 998)

83501 (78 188 to 89 331)
79 497 (69 518 to 85 539)

95 534 (85 740 to 106 539)
89 830 (82 981 to 97 148)
59 785 (56 880 to 63 498)

80 867 (75 505 to 86 638)
75301 (68 276 to 81 654)

56 542 (51 757 to 60 806)

55 325 (50 908 to 60 504)
54772 (47 686 to 61 465)

62 725 (54 754 to 71 476)
60 615 (54 355 to 66 734)
39 753 (37 060 to 43 137)

54 334 (48 348 to 60 241)
48 152 (43 022 to 54 590)

Values are numbers (95% Cl).
*P<0.05, comparison between MV and fall-related SCI.

LE, life expectancy; LMC, lifetime medical cost; MV, motor vehicle; SCI, spinal cord injury; SMR, standardised mortality ratio.

prescribed, medications refilled, laboratory and imaging examina-
tions, and procedure codes.”” Thus, our estimates of lifetime direct
medical costs would be more comprehensive and accurate than
previous studies on the health impact and financial burden of SCI
with permanent functional disability and would be useful for public
health policy and prevention decision-making.

Higher financial impact of quadriplegia than paraplegia

In this study, we also found that the LMCs and CPYs of quadriplegia
were significantly higher than those of paraplegia in all age groups,
concurring with previous studies.® > ** In fact, patients with quad-
riplegia seemed to have higher frequencies of stroke, COPD and
dementia than paraplegia (table 1), which would increase medical
costs.

In general, MV-related injuries were the primary aetiology of
SCI in developed countries (40%-60%), including the US, Japan
and the UK.”? We found that the major aetiologies of SCI
with E-code were MV-related and fall injuries in Taiwan, and the
former had higher occurrence than the latter (table 1). Moreover,
MV-related paraplegia resulted in higher loss-of-LE than MV-related
quadriplegia and fall-related quadriplegia (table 3). This may have
been caused by the young age (16-39 years old) of patients with
MV-related paraplegia in our study. Further analysis of young-aged
patients (16-39 years old) found that motorcycle injury accounted
for 51.0% of paraplegia SCI in contrast to 42.1% of quadriplegia
SCI (p=0.04), while there was no significant difference in other age
groups (data not shown in table 1). Our results seem similar to find-
ings in Australia, in which there was a higher proportion of para-
plegia among motorcycle-related SCI.*® Future studies are warranted

to explore into the detailed mechanisms of injury and develop rele-
vant prevention strategies.

Limitations of this study

Several limitations of this study must be acknowledged. First, the use
of claims data for SCI studies would raise question on the validity of
diagnosis. However, we only included hospitalised SCI cases regis-
tered in the Catastrophic Illnesses Registry. Since all patients with
SCI successfully registered in the Catastrophic Illnesses Registry can
be waived from all copayments, their permanent functional disability
had to be validated by two specialists to prevent abuse. Thus, the
diagnosis in this study is relatively accurate. Second, because E-code
is not always required for reimbursement in the current system of
Taiwan NHI and E-codes were only provided for 64.5% of our
included cohort, we may have underestimated the proportion of
traumatic injury, as was similarly reported in Australia.”” We thus
recommend that the NHI administration take necessary actions to
improve the completeness of coding for external causes. Third, since
our NHI claims data do not contain clinical details of the MAIS,
we are unable to make any inference on the burden of SCI with
different severities. However, our Registry for Catastrophic Illness
stipulates that these patients must present with moderate to severe
permanent functional disability to be eligible, and our estimations
cannot be generalised to patients with SCI with mild functional
impairment, such as those with non-severing trauma. Fourth, since
patients with SCI might develop other major diseases suitable for
Registry for Catastrophic Illness as they grow old, there might be
some patients registered with two diseases, especially those with
cancer and/or ESRD (about 5%—-6% increase after SCI in table 1),

Table 3 Comparison of SMR, LE, loss-of-LE, LMC (US$ with 3% discount) and SCl-related LMC for young and middle-aged (namely, 16-59 years
old) patients with quadriplegia and paraplegia stratified by MV injuries and falls

Deaths (n) SMR LE (year) Loss-of-LE (year) LMC (US$) SCl-related LMC (US$)
MV injuries
Quadriplegia 185 50 (43 t0 57) 19.6 (17.3 t0 24.9) 18.5(13.3t0 21.4)* 85 323 (75 965 to 94 277) 57 118 (49 649 to 66 813)
Paraplegia 51 51 (37 to 65) 17.8 (16.2 t0 23.6) 27.3 (20.8 t0 29.5)* 71 764 (64 526 to 81 925) 47 672 (39 857 to 55 828)
Falls

52 (42 to 62)
45 (3310 57)

17.1 (15.1 to 26.1)
33.6(23.51038.2)

Quadriplegia 101
Paraplegia 55

17.7 (9.0 to 19.9)*
6.8(2.41017.1)*

82 970 (73 045 to 98 799)
95261 (80 152 to 107 638)

53127 (44 352 to 63 492)
61 745 (46 705 to 77 715)

Values are numbers (95% Cl).
*P<0.05, comparison between quadriplegia and paraplegia.

LE, life expectancy; LMC, lifetime medical cost; MV, motor vehicle; SCI, spinal cord injury; SMR, standardised mortality ratio.
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and we could have slightly overestimated the costs associated with
SCIL As we only included costs that are accompanied with SCI in the
three major diagnoses from clinic visits or five major diagnoses in the
discharge record, the magnitude of potential overestimation would
be small. In tables 2 and 3, MV injury-related medical cost made
up about 60%-70% of the total medical cost, which appears similar
to reports of patients with MAIS 4-5.%° Fifth, although the NHI
covers assistive devices related to medical services (eg, thermoplastic
splints), patients with SCI must turn to local social services to apply
for home modification, wheelchair-friendly vans and so on. Namely,
this study only covers medical costs and underestimates the overall
costs. Future studies are warranted to estimate the societal costs of
social services, productivity loss and so on.?’

In conclusion, this study offers a comprehensive evaluation of the
savings of loss-of-LE and LMC from prevention of SCI in Taiwan.
We conclude that quadriplegia has a higher impact on medical costs
than paraplegia, and MV-related SCI has a higher impact on loss-
of-LE than fall-related SCI.

What is already known on the subject

» Personal and social influences of spinal cord injury are
substantial.
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What this study adds

» Quadriplegia has a higher impact on lifetime medical costs
and cost-per-life year than paraplegia.

» Higher prevalence of stroke, lung disease and dementia may
account for higher costs in quadriplegia.

» Motor vehicle-related paraplegia has higher life expectancy
loss than quadriplegia in young people.
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