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Abstract
Objective To systematically review the health-related quality of life (HRQoL) burden and costs of spinal cord injury (SCI) 
on health services, patients and wider society.
Methods A systematic review guided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Statement 
was conducted in March 2021 through Scopus, PubMed and Embase databases. Inclusion criteria were quantitative studies 
on SCI reporting healthcare costs, social costs and/or HRQoL measured with the Euroqol EQ-5D or Short-Form 36. Risk 
of bias was assessed using the QualSyst tool. Descriptive analyses, random-effects direct meta-analysis and random-effects 
meta-regression were conducted.
Results A total of 67 studies were eligible for inclusion. SCI individuals tend to report higher HRQoL in mental than physical 
dimensions of the Short-Form 36. Neurological level of SCI negatively affects HRQoL. Cross-sectional studies find employ-
ment is associated with better HRQoL, but the effect is not observed in longitudinal studies. The estimated lifetime expendi-
ture per individual with SCI ranged from US$0.7 million to US$2.5 million, with greater costs associated with earlier age at 
injury, neurological level, United States of America healthcare setting and the inclusion of non-healthcare items in the study.
Conclusions SCI is associated with low HRQoL on mobility and physical dimensions. Mental health scores tend to be 
greater than physical scores, and most dimensions of HRQoL appear to improve over time, at least over the first year. SCI 
is associated with high costs which vary by country.
Clinical Trials Registration This review was registered in PROSPERO (registration number: CRD42021235801).
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Key Points for Decision Makers 

Spinal cord injury is associated with low quality of life 
(QoL) on mobility and physical dimensions. Mental 
health scores tend to be higher than physical scores.

The severity of spinal cord injury (SCI) impact nega-
tively on quality of life and positively on healthcare 
costs.

The lifetime costs associated with SCI are substantial 
and vary by country.

1 Introduction

Spinal cord injury (SCI), with an annual incidence of 
between 250,000 and 500,000 people worldwide [1], is a 
serious medical condition with important functional, psy-
chological and socioeconomic consequences on patients 
and their families and a substantial burden on the medical 
and social care system [2]. Medical advances in recent 
years have improved the life expectancy of people with 
SCI [3]. However, treating and caring for people with SCI 
represents a substantial challenge aggravated by the sever-
ity of injury, the occurrence in younger people, loss of 
employment and the need for family members to give up 
their time to provide informal care [4].

Comparison between studies of costs and quality of 
life (QoL) of people with SCI needs to be undertaken 
cautiously. Studies differ in the resource items included. 
Some studies focus on ‘direct’ costs related to use of 
health services, while others may include ‘indirect’ cost 
(the broader opportunity costs of SCI on other persons 
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and sectors, such as families, carers, loss of productivity, 
the education sector and so on). Measurement of health 
service unit costs can be influenced by the type of health 
system, price levels, accounting practices and severity of 
the condition [5]. Effective treatment of SCI often requires 
specialist health and social care, but these can, of course, 
only be accessed by the user if such services are available 
near to where the person lives. Countries will differ in 
the quality and quantity of relevant services on offer, and 
whether paid from insurance or if patients are expected to 
contribute financially out of pocket [6]. Likewise, QoL, 
as well as depending on the severity and duration of the 
injury itself, will also be influenced by the circumstances 
in which people grow, live, work and age and the resources 
and infrastructure in place to help them live with their 
disability [7]. QoL will be influenced by not only the per-
son’s neurological impairment but also their perception 
of wellbeing, which may be conditioned by attitudes and 
prejudices of society at large towards people with disabili-
ties [8]. Indeed, ‘cost’ and ‘QoL’ for SCI will be jointly 
determined to some extent by wider social and cultural 
factors beyond the influence of the healthcare service.

The interpretation of the evidence will also depend on 
the study design. Broadly, two types of primary study (that 
collect data from individuals) are prevalent in this area: 
cross-sectional surveys and longitudinal cohort studies. 
Cross-sectional surveys can explore associations between 
variables, but comparisons may be confounded by unob-
served factors, and these studies cannot make any state-
ments about cause and effect. Prospective longitudinal 
studies can show trends over time and can control to some 
extent for observed and unobserved variables at baseline 
but may be confounded by unobserved factors that change 
over time. For example, if a longitudinal study finds that 
people who obtain employment after the injury have bet-
ter QoL, it is unclear whether gaining employment ben-
efited the person’s wellbeing or whether both employment 
opportunities and gains in QoL arose from an improve-
ment in the underlying health condition. Results of stud-
ies will only be representative of the prevalent population 
with SCI if they have deliberately sampled with this aim, 
and this also needs to be borne in mind when comparing 
outcomes.

Furthermore, a wide range of measures for assessing 
QoL has been used in literature [9]. França et al. [10] 
measured QoL among SCI population using the WHO-
QOL-BREF questionnaire. The authors reported that psy-
chological health and social relationship domains tended 
to score higher than environmental and physical health. 
A prospective longitudinal study of patients from North-
ern India [11] found that Global QoL tended to increase 

6 months from the time of injury. Kalyani et  al. [12] 
employed the Ferrans and Powers quality of life question-
naire in Sri Lanka and found higher scores for the family 
and social/economic dimensions than health/functioning 
and psychological dimensions. Clayton et al. [13], using 
the life situation survey (LSS), found that patients with 
greater disability tended to report better QoL, though this 
may be a bias of the cross-sectional study design.

Given these uncertainties, there is a need for a compre-
hensive quantitative synthesis of previous research. Other 
systematic reviews on SCI have focused on specific inter-
ventions, outcomes (costs or QoL), population or regions. 
Bagnall et al. [14], reviewed spinal fixation surgery and ster-
oids for SCI. Malekzadeh et al. [15] examined direct (that 
is, health service) costs per hospitalisation unit associated 
with SCI or traumatic SCI and found that annual cost ranged 
from US$32,240 to US$1,156,400, with variation between 
countries arising from differences of the components of cost, 
time horizon, level and severity of injury and the health sys-
tem structure. However, this review excluded individuals 
who were not hospitalised. Furlan et al. [16] found the cost 
of spinal cord injury during the acute phase and initial reha-
bilitation among war veterans to range from US$30,770 to 
US$62,563 per year, generally greater than the costs of other 
chronic diseases. However, they did not review data beyond 
the acute phase. Dalvand et al. [17] found that people with 
SCI in Iran reported half the HRQoL score on the SF-36 
physical dimension compared with the general population. 
Ku [18] conducted a narrative review of SF-36 but did not 
carry out evidence synthesis of these data. Bokaye et al. [19] 
noted the biases associated with cross-sectional studies and 
the lack of longitudinal studies limited any conclusions that 
could be drawn from their data. Hence, there is a need for a 
comprehensive systematic review of the burden of SCI on 
affected individuals, families, healthcare systems and wider 
society.

A systematic review can identify broad trends in the data 
from diverse sources, bring together evidence about com-
ponents and drivers of variation in costs and HRQoL and 
assess the degree of consensus across studies. The burden of 
a serious chronic condition such as SCI encompasses mul-
tiple dimensions. The quality of life (QoL) of the affected 
individual is of primary importance. Furthermore, SCI also 
represents a financial burden on families, health systems and 
social care [20]. There is also an opportunity cost in terms of 
the potential lost contribution of the individual (and unpaid 
carers) to the labour force (often termed indirect costs). This 
type of quantitative evidence on QoL and impact on fami-
lies, care systems and wider society is essential information 
to estimate the long-term benefits and costs of potential 
interventions and policies to prevent, treat or provide care 
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for people with SCI. An example which motivated this study 
is the ongoing PAPAARTIS clinical trial [21], which aims to 
prevent SCI arising as a complication of surgery.

The objective of this work is to provide a comprehensive 
systematic review of costs following SCI and health-related 
quality of life (HRQoL), measured by SF-36 or EQ-5D, 
accompanied by quantitative evidence synthesis (meta-
analysis) where appropriate.

2  Methods

2.1  Registration of Protocol

A systematic review was conducted and reported according 
to the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement [22]. The protocol was 
previously registered in the International Prospective Regis-
ter of Systematic Reviews (CRD42021235801).

2.2  Eligibility Criteria

The inclusion criteria for articles included in the review 
were as follows: (1) quantitative studies published in Eng-
lish, Spanish, Italian and French; (2) selected condition (SCI 
population); and (3) original research with primary data. 
Given the wide variety of instruments to measure QoL in 
SCI and to facilitate evidence synthesis across studies, out-
comes of costs and/or HRQoL measured with the Euroqol 
EQ5D [23] or Short-form 36 instruments [24, 25]. These are 
the most common HRQoL tools used in health economic 
evaluation [26]. The SF-36 measures two distinct physi-
cal and mental dimensions of HRQoL, each consisting of 
four subscales. The physical component summary (PCS) 
of HRQoL includes the subscales of physical functioning 
(PF), physical role (PR), bodily pain (BP) and general health 
(GH). The mental component summary (MCS) includes the 
subscales of vitality (V), social role (SR), emotional role 
(ER) and mental health (MH). The EQ-5D assesses five 
dimensions of HRQoL (mobility, self-care, usual activi-
ties, pain/discomfort and anxiety/depression) on a scale 
with three levels (EQ-5D-3L) or five levels (EQ-5D-5L). 
Overall health (where 1 is the best possible HRQoL and 0 
represents a HRQoL equivalent to death) is scored using a 
published algorithm specific for each country [27], known 
as the EQ-5D tariff. No publication date limits were applied. 
Exclusion criteria were (1) studies that focused on specific 
health or other needs related to SCI condition such as diag-
nosed mental illness etc. and (2) studies of specialised inter-
ventions to prevent, treat or care for SCI. Hence, randomised 
controlled trials of SCI interventions were excluded. There 
were no age limits applied to participant studies.

2.3  Search Terms and Databases

The search was conducted through Scopus, PubMed and 
Embase databases during March 2021. Search filters were 
grouped into four broad categories: costs of healthcare, 
impact on home living and families, employment and 
income and QoL (Supplementary Table S1).

2.4  Study Selection

Studies were selected in a sequential process (see Fig. 1). 
Phase I identified articles that had the search terms in their 
title, abstract or keywords. Phase II eliminated duplicates in 
the different search sequences, or in more than one database. 
In phase III, two researchers (M.D. and D.E.) screened stud-
ies by title and abstract and classified publications according 
to whether they address the research questions. Phase IV 
involved obtaining and independently reading the full text 
of selected studies by M.D. and D.E. In phase V, the final 
selection of included articles was made by the two authors 
by discussion and agreement. Study quality criteria were 
assessed, and data were extracted. 

2.5  Data Collection Process and Data Items

Excel spreadsheets were used to extract data from the 
included studies. M.D. conducted the data collection pro-
cess. The mean and standard deviation (SD) of each SF-36 
domain and for the EQ-5D tariff was extracted from cross-
sectional studies and from longitudinal studies at baseline 
and each follow-up. We were also interested in the factors 
associated with HRQoL, such as severity of injury (current 
neurological level and American Impairment Scale [AIS] 
score, Supplementary Material), age at date of accident, cur-
rent age, current marital status, current employment status, 
time since injury and time spent in hospital. Where studies 
used regression or similar statistical analysis to estimate the 
association between HRQoL domains and other factors, the 
coefficients (or odds ratio) and level of statistical signifi-
cance (p value) were extracted.

The mean and SD of healthcare (direct) costs was 
extracted and classified as hospital (surgical procedures, 
intensive care unit or other), nursing home and rehabilita-
tion. We also extracted the mean and SD of non-healthcare 
(indirect) costs and classified as adaptions to home, produc-
tivity losses arising from loss of employment or sick leave 
or premature death, payments for carers and informal care 
(opportunity cost of unpaid carer time). We also classified 
whether costs were estimated from a societal perspective 
or not. Local currency was updated to 2023 using the Con-
sumer Price Index (CPI) for each respective country and 
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subsequently converted into international dollars ($) at pur-
chasing power parity [28]. The type of study was classified 
as cross-sectional or longitudinal (for studies that collected 
primary data) or a mathematical model. Models are used to 
predict mean cost over the lifetime of a hypothetical cohort, 
based on aggregate data from the literature on the age dis-
tribution of people with SCI, the life expectancy for each 
age group and the average yearly cost of treating and caring 
for SCI [29].

2.6  Risk of Bias in Individual Studies

The overall quality of the studies was assessed by one 
author using the 14 criteria (Supplementary Table S3) of 
the ‘QualSyst’ tool (Alberta Heritage Foundation for Medi-
cal Research) [30]. The 14 criteria were scored depending on 
the degree to which the specific criterion was met (‘yes’ is 2, 
‘partial’ is 1 and ‘no’ is 0). Criteria not applicable to study 
design were marked ‘n/a’ and excluded from the calculation 
of the summary score. A summary score was calculated for 

Excluded by full text review: N=25

Reasons: Rehabilitation treatment, 
reintegration to normal living, 

depression, stress disorder, urinary 
infection related to SCI, etc

Phase I
Scopus: 456
PubMed: 346
Embase: 246

Other sources: 35

Total: 1,083

Phase II

Records after removing Duplicated. 

N= 1018

Phase III
Records screened by Titles & 

Abstracts.

N=1018

Excluded by Title: N=747

Excluded by abstract: N=179

Reasons: Psychosocial factors 
related to SCI, Functional 
capacities, employment 
condition, wheelchair 

prescription, etc.

Phase IV
Full text Analysis

N=92

Phase V

Final selection

N=67
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each paper by summing the total score obtained across rel-
evant items and dividing by the total possible score.

2.7  Statistical Analysis

HRQoL data were analysed using descriptive analyses (tabu-
lation), random-effects direct meta-analysis (MA) and ran-
dom-effects meta-regression [31]. Mean HRQoL was tabu-
lated for cross-sectional studies and for longitudinal studies 
at each time point. The factors associated with HRQoL were 
tabulated and graphical analyses were carried using ‘graph 
bar’ command in STATA 15 to show the number of studies 
that reported a positive association or better score when two 
categories were compared, a negative association or worse 
score when two categories were compared or no significant 
association between HRQoL and the factor.

Synthesis of mean HRQoL across cross-sectional stud-
ies was conducted using MA, stratified by low-, middle- 
and high-income countries as defined by the World Health 
Organisation [32]. Meta-regression analyses explore 
sources of variation in mean HRQoL and were used when 

heterogeneity was moderate or high in MA (I2 > 25%) [33]. 
Meta-regression analyses were conducted separately for 
the following variables where data were reasonably com-
plete: mean time since injury, proportion of study sample 
in employment and proportion of study sample who were 
paraplegic (rather than tetraplegic). Other variables were 
not employed because they were not reported in the major-
ity of studies. MA and meta-regression analyses were 
implemented using the ‘metan’ and ‘metareg’ command in 
STATA 15. MA was not carried out for longitudinal studies 
as there were few such studies, and outcomes were reported 
in different formats that precluded quantitative synthesis.

Descriptive graphical analyses of mean costs estimate in 
primary studies were carried using the ‘ggplot’ command 
in R, showing the association of mean costs with the length 
of follow-up, country, cost items included and neurological 
level of SCI. Mean lifetime costs per person estimated by 
modelling studies were tabulated, along with a description of 
the main sources of input data in each case. Given the differ-
ences in study design and reporting, MA was not considered 
feasible for costs.

Table 1  Short-Form 36 health-related quality of life cross-sectional studies

† Estimated by random effects meta-analysis, see Supplementary Material. High-income countries are defined as those with a gross national 
income per capita of US$12,536 or more, whereas middle-income countries are those falling within the range of US$1036 to US$12,535 based 
on the World Bank classification

Mean (†) 95% Confidence inter-
val (†)

Range of means 
between studies

Heterogeneity (†) Number of studies 
(number of sub-
groups)

Lower Upper I2 p-Value

High income country
 Physical functioning 23.55 19.9 27.02 (16.1–42.5) 5.6 0.4 12 (14)
 Physical role 40.1 27.34 54.41 (19.6–74.4) 71 0 11 (12)
 Bodily pain 56,93 50.06 62.03 (39–68) 32.2 0.13 11 (12)
 General health 52.8 46.14 59.45 (42.23–69.7) 50.4 0.02 11 (12)
 Physical component score 32.97 27.26 38.68 (28.7–34.1) 0 0.87 5 (6)
 Emotional role 59.37 42.78 75.97 (31.4–90) 82.3 0 11 (12)
 Vitality 46.68 43.3 50.07 (42.9–61.4) 0 0.5 11 (12)
 Mental health 61.23 52.69 69.77 (44.3–80.3) 67 0 11 (12)
 Social role 55.94 47.92 63.95 (38.7–85.4) 45 0.04 11 (12)
 Mental component score 55.11 49.85 69.87 (49.7–58.8) 0 0.98 5 (6)

Middle income country
 Physical functioning 27.62 17.05 38.18 (10–61.2) 58.7 0 11 (15)
 Physical role 42.33 32.67 51.99 (20–70.5) 0 0.97 11 (15)
 Bodily pain 52.72 45.91 59.54 (37.64–77) 0 0.9 11 (15)
 General health 54.2 46.87 61.53 (39–64) 0 1 11 (15)
 Physical component score 46.93 31.73 62.13 (31.75–65.2) 0 0.78 3 (5)
 Emotional role 50.75 37.45 64.06 (29–74.1) 0 0.99 11 (15)
 Vitality 59.1 49.8 68.39 (42–73) 0 0.98 11 (15)
 Mental health 54.03 53.44 54.62 (50–85.4) 0 0.93 11 (15)
 Social role 58.69 46.92 70.45 (38–83.5) 0 0.9 11 (15)
 Mental component score 63.79 48.19 79.4 (50–78.6) 0 0.62 3 (5)
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Table 2  Mean health-related quality of life and factors associated with health-related quality of life in longitudinal studies

Authors Population HRQoL Baseline 1st year 2nd year 5th year Δ Year 1 – base-
line

Δ Year 2 – 
baseline

2a. Mean (Standard deviation) health-related quality of life in longitudinal studies
SF-36

Schwartz et al. 
2018 [66]

All SCI Physical function-
ing

31.7 (30.3) 34.1 (31.1) 30.8 (29)

Physical role 40 (31.5) 45.4 (31.1) 46.6 (32.5)
Emotional role 69.7 (32.1) 70 (30.4) 71.5 (32)
Vitality 51.5 (20) 53 (19.1) 51 (20.2)
Mental health 69.1 (19.1) 69.5 (18.6) 69.1 (20)
Bodily pain 55.8 (25.7) 57.8 (25.4) 56.1 (27.3)
Social role 62.4 (26.7) 65.7 (25.2) 64.7 (26.3)
General health 61.5 (21.8) 58.6 (21.7) 59.2 (21.1)

Lucke et al. 2004 
[77]

All SCI Physical function-
ing

19.3 (28.9)

Physical role 46.4 (41.9)
Emotional role 42.9 (41.7)
Vitality 55.7 (9.3)
Mental health 75.4 (11.4)
Bodily pain 59 (29)
Social role 73.2 (19.7)
General health 65 (18.4)
Physical compo-

nent score
33.3 (12.5)

Mental component 
score

51.8 (8)

2b. Factors associated with health-related quality of life in longitudinal studies
EQ5D, proportion 

of people report-
ing problems (a 
score not equal 
to 1)

Paul et al. 2013 
[42]

SCI with compen-
sation

Problems of 
mobility

92.6% 80.2% 70.4% − 12.4% − 22.2%

Problems of self-
care

66.1% 53.5% 44.3% − 12.6 − 21.8%

Problems of usual 
activity

90.4% 81.9% 78.4% − 8.5% − 12%

Problems of pain 86.8% 81.8% 77.3% − 5% − 9.5%
Problems of anxi-

ety/depression
50% 37.4% 31.8% − 12.6% − 18.2%

SCI without com-
pensation

Problems of 
mobility

97% 78% 84% − 19% − 13%

Problems of self-
care

65% 52.5% 38% − 12.5% − 27%

Problems of usual 
activity

90% 96% 76% 6% − 14%

Problems of pain 88.6% 98% 78,3% 9.4% − 10.3
Problems of anxi-

ety/depression
49% 57% 30.8% 8% − 18.2%

SF-36
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Analysis code and the full data extraction sheets are avail-
able on Mendeley Data online [34]. An early version of this 
work was presented as a conference abstract at the 14th 
European Public Health Conference [35].

3  Results

Figure 1 shows the PRISMA chart for study selection. Out 
of 67 publications that met our inclusion criteria, 34 stud-
ies evaluated costs, and 33 studies assessed HRQoL [29, 
36–101]. Study design characteristics, population and meas-
ures of exposure and outcome are recorded in Supplemen-
tary Table 2. All studies included either patients with SCI 
or traumatic SCI.

3.1  Study Characteristics

The overall score from the quality assessment ranged from 
64 to 82% (Supplementary Table S3). A total of 46 studies 
(69%) were conducted in high-income countries and 21 
(31%) in low- and middle-income countries (Supplemen-
tary Table S4), and 56 (84%) were cross-sectional. The 
mean age at injury in the included HRQoL studies ranged 
from 23 to 44 years, while in the cost studies, it ranged 
from 0 to 80 years, with two studies including patients 
under 18 years old. The mean age at interview of patients 
ranged from 33 to 53 years in the HRQoL studies and 
from 0 to 85 years in the cost studies. Only the cost stud-
ies reported the mean time from injury to interview, which 
varied from 1 to 27 years in the cross-sectional studies and 
from 0 to 5 years in the longitudinal studies. The propor-
tion of male patients in the HRQoL studies ranged from 
61 to 100%, while in the cost studies, it varied from 22 

SF-36, Short-form 36 questionnaire; EQ5D, EuroQol-5D questionnaire; SCI, spinal cord injury; AIS, American Spinal Injury Association 
impairment scale
† AIS grade was measured at baseline; AIS grade A, complete (there is no motor or sensory function left below the level of injury); AIS grade B, 
incomplete (sensory function but not motor function is preserved below the neurologic level [the first normal level above the level of injury] and 
some sensation is preserved in the sacral segments S4 and S5); AIS grade C, incomplete (motor function is preserved below the neurologic level 
but more than half of the key muscles below the neurologic level have a muscle grade less than 3 [i.e. they are not strong enough to move against 
gravity]); AIS grade D, incomplete (motor function is preserved below the neurologic level, and at least half of the key muscles below the neuro-
logic level have a muscle grade of 3 or more [i.e. the joints can be moved against gravity])
* Mean differences; ap < 0.05

Table 2  (continued)

Authors Population HRQoL Baseline 1st year 2nd year 5th year Δ Year 1 – base-
line

Δ Year 2 – 
baseline

Cotner et al. 2018 
[55]

SCI for people 
with com-
petitively gained 
employment 
during the study

Mental component 
score

56.8 (13.9) 59.9 (9.8) 59.2 (10.6) 3.1 2.4

Physical compo-
nent score

30.6 (9.1) 32.6 (9.5) 32.2 (9.8) 2 1.6

SCI for people 
without competi-
tive employment

Mental component 
score

56.7 (11.4) 57.5 (10.7) 56.6 (9.6) 0.8 − 0.1

Physical compo-
nent score

26.5 (7.7) 29.1 (8) 28.9 (8.2) ] 2.6 2.4a

Richard-Denis 
et al., 2018 [44]

SCI with AIS 
 grade† A 
compared with 
SCI with AIS 
 grade† D

Mental component 
score

3.2* (0.1 to 6.2)

Physical compo-
nent score

−7.1* (−9.5 to 
−4.6

SCI with AIS 
 grade† B 
compared with 
SCI with AIS 
 grade† D

Mental component 
score

1.4* (−2.1 to 4.8)

Physical compo-
nent score

−4.5* (−7.3 to 
−1.6)

SCI with AIS 
 grade† C 
compared with 
SCI with AIS 
 grade† D

Mental component 
score

−0.2* (−3.2 to 
2.8)

Physical compo-
nent score

−3.4* (−6.3 to 
−0.4)
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to 100%. Among both cost and HRQoL studies, 57 did 
not differentiate between the causes of SCI, while others 
stratified by causes such as falls, motor vehicle accidents, 
violence and sports.

3.2  Health‑Related Quality of Life

Table 1 synthesises using MA the results of cross-section 
studies that reported HRQoL. SCI individuals tended to 
report greater HRQoL in mental than physical dimension 
scores. When comparing the eight domains of SF-36 qual-
ity of life, PF showed the lowest score while MH and SR 
had the highest score. The MA showed moderate and high 
heterogeneity (I2 > 25%) in PF for middle-income countries 
and PR, BP, GH, ER, MH and SR for high-income coun-
tries (Supplementary Figs. S1–S10). Reported mean HRQoL 
tended to be greater in middle income countries than high 
income countries for nearly all dimensions of the SF-36.

Five studies collected longitudinal data on HRQoL 
(Table 2). Schwartz et al. [66] used SF-36 questionnaire 
and reported mean HRQoL scores at 1, 2, and 5 years post-
injury. However, no baseline data were reported (Table 2a). 
Non-significant increases in HRQoL were found in nearly 
all the subscales from 1 to 2 years. Lucke et al. [77] reported 
SF-36 at 6 months but no baseline data. SCI individuals 

reported low PF, PR and ER scores, while reporting high 
GH, MH and SR scores.

3.3  Within‑Study Association Between HRQoL 
and Modifying Factors

Eight studies [42, 44, 55–57, 59, 68, 72] reported the within-
study association between HRQoL and observed potential 
modifiers such as age, gender, time since injury, level of 
injury, health problems, time spent at hospital education, 
marital status, financial support and employment.

Three of those studies reported longitudinal data 
(Table 2b). Paul et al. [42] examined the effect of receiving 
financial compensation from an accident insurance scheme 
on HRQoL by comparing a population of SCI receiving 
this financial support to another group without support. The 
study found no significant differences in mean HRQoL after 
18 months. The proportion reporting problems tended to 
diminish over time in both groups, and it was noteworthy 
that the proportion reporting problems of mental health 
was considerably lower than those reporting problems of 
mobility. Cotner et al. [55] compared SCI individuals who 
had gained competitive employment during the study with 
those who had not. Employed people tended to report greater 
HRQoL, but differences were not significant. However, the 

Fig. 2  Costs per injured person (price in US dollars 2023). The size 
of the point is proportional to the log of the sample size: C1–C7 tetra-
plegic, C1–C4 high tetraplegic, C5–C8 low tetraplegic, T1–T12 par-
aplegic (paralysis in the thoracic area), T7–L1 paraplegia (affecting 

abdominal area), L2–S5 paraplegia (paralysis of lumbar and sacral 
area) and T1–S5 paraplegia (paralysis in the thoracic, lumbar and 
sacral area)
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authors reported that PCS increased significantly from base-
line in the unemployed group. Richard-Denis et al. [44] 
compared mean HRQoL scores differentiated by the initial 
severity of the neurological injury. The authors reported that 
SCI individuals sustaining less severe neurological injury 
(grade D) reported higher PCS than individuals with grades 
A, B or C injury. However, individuals with initial grade A 
injury showed increased MCS, compared with individuals 
with incomplete grade B, C or D injury.

Results of five cross-section studies reporting factors 
related to PF, PR, BP, GH, PCS, ER, V, SR, MH and PCS 
are reported in the Supplementary Figs. S32–S41. All five 
studies reported that paraplegic individuals showed better 
PF than tetraplegic individuals. Employment was associated 
with better PF in three studies. Three studies showed no 
significant differences between paraplegic and tetraplegic 
people in GH scores, while there was no consensus among 
studies that looked at other physical domains. Neurologic 
level of injury did not seem to contribute to ER, V or SR. 
One study reported better MH for paraplegic individuals 
(compared with tetraplegic), whereas three studies did not 
find significant differences. One study found that single indi-
viduals scored significantly lower V, ER and MH scores than 
those that were married, but others did not find significant 
differences. Five studies examined gender differences on 
HRQoL scores, of which two found higher PF, V or MH in 
men, though other studies did not find significant effects.

3.4  Between‑Study Association Between HRQoL 
and Modifying Factors

Random-effects meta-regression was conducted among the 
cross-sectional studies where the MA showed moderate or 
high between-study heterogeneity (Supplementary Figs. 
S11–S31). No significant associations were found at the 5% 
level. At the 10% significance level, physical functioning 
tends to be greater in studies that measured HRQoL at a 
longer time since the injury, compared with those that meas-
ured HRQoL sooner after the injury. Studies with a greater 
proportion of paraplegic individuals (rather than tetraplegic) 
tended to report lower bodily pain scores and better emo-
tional role scores.

3.5  Costs

A total of 34 studies reported mean costs of SCI over differ-
ent time periods, with 18 of these studies conducted in the 
USA. To facilitate comparison, we categorised the cost data 
into groups based on the country’s income level: the USA; 
other high-income countries such as Spain, Canada, and 
Australia; and middle/low-income countries China, Taiwan 
and Nigeria. Among the studies that estimated costs from 
primary costs from primary data from the hospital admission 

period up to 7 years, Fig. 2 shows results grouped by income 
level of country, neurological level of injury and whether 
non-healthcare costs were included in the study.

Overall, the costs are substantially higher for injuries 
to cervical segments compared with thoracic segments. 
Hospital costs from 30 to 90 days after the initial accident 
ranged from US$2,227 to US$130,591, while the mean cost 
at 1-year ranged from US$33,120 to US$992,144. Low- and 
middle-income countries tended to report lower costs than 
the USA.

Three modelling studies estimated lifetime mean costs 
in the United Kingdom or USA of SCI individuals, differ-
entiating by impairment level and cause of injury (Table 3). 
All studies used a discount rate of 4%. McDaid et al. [29] 
estimated lifetime costs of tetraplegic injury to be around 
just under US$2.5 million in the UK for a patient with mean 
age 46 years at accident and just under US$2 million for 
paraplegic injuries. Costs items included were surgical pro-
cedures, intensive care unit, normal hospital room, nursing 
home care, adaptions to home, productivity losses of carers/
due to sick leave/death and family care. Cao et al. [63] esti-
mated lifetime costs using a similar methodology in the USA 
for C1 to C4 injuries and C5 to C8 injuries, respectively, 
with broadly similar results. However, Cao et al. [63] did 
not include productivity losses arising from carers’ time, 
sick leave or death. Devivo [51] estimated mean lifetime 
costs (including costs of surgical procedures, intensive care 
unit, normal hospital room, nursing home care and adaptions 
to home) between approximately US$700,000 and US$1.1 
million (averaged across all neurological levels), depending 
on the cause of the injury.

4  Discussion

4.1  Summary of Findings

This study attempted to systematically review evidence on 
the underlying economic and health burden of SCI condi-
tion. Despite the heterogeneity in population, outcomes, 
study methodology or timeframe, there seem to be some 
general trends that are consistent in the different analyses 
(meta-regression, the analysis of within-study factors and 
longitudinal studies). First, as found in early studies [13, 
102] SCI and neurological level of injury are associated with 
low HRQoL on mobility and physical dimensions. Second, 
the mental health scores of survivors of SCI appear con-
siderably greater than physical scores. Third, most dimen-
sions of HRQoL appear to improve over time, at least over 
the first year. These results might indicate a decline at first, 
but this rebounds over time. It has been suggested that this 
occurs because people tend to adapt to the situation in which 



802 M. Diop, D. Epstein 

Ta
bl

e 
3 

 L
ife

tim
e 

co
sts

 p
er

 in
ju

re
d 

pe
rs

on
 (p

ric
e 

in
 U

S 
do

lla
rs

 2
02

3)

A
ut

ho
rs

, y
ea

r
C

ou
nt

ry
Po

pu
la

tio
n 

ty
pe

So
ci

et
al

 
pe

rs
pe

c-
tiv

e

In
cl

ud
es

 
re

ha
bi

lit
at

io
n 

co
sts

In
cl

ud
es

 
co

sts
 o

f p
ro

-
du

ct
iv

ity
 lo

ss
 

an
d 

fa
m

ily
 

ca
re

 (s
oc

ia
l)

Pe
rc

en
t 

pa
ra

pl
e-

gi
c

D
et

ai
ls

 o
f t

he
 st

ud
y 

to
 e

sti
m

at
e 

pr
ev

a-
le

nc
e 

by
 a

ge
So

ur
ce

 o
f 

Re
so

ur
ce

 
U

se
 a

nd
 

C
os

t D
at

a

M
od

el
lin

g 
m

et
ho

d
D

is
co

un
t 

ra
te

s
C

os
ts

Sa
m

pl
e 

si
ze

, 
N

A
ge

 a
t 

in
ju

ry
, 

m
ea

n

A
ge

 a
t 

su
rv

ey
M

ea
n 

(r
an

ge
 

in
 sa

m
pl

e)

M
cD

ai
d 

et
 a

l.,
 2

01
9 

[2
9]

U
K

SC
I a

ll 
ca

us
es

Ye
s

N
o

Ye
s

18
%

12
70

46
 (0

 to
 8

5+
)

§
M

ar
ko

v 
M

od
el

4%
1,

39
7,

64
4

M
cD

ai
d 

et
 a

l.,
 2

01
9 

[2
9]

U
K

SC
I a

ll 
ca

us
es

 –
 

te
tra

pl
eg

ic
 

A
B

C

Ye
s

N
o

Ye
s

0%
44

5
46

 (0
 to

 8
5+

)
§

M
ar

ko
v 

M
od

el
4%

2,
30

9,
97

6

M
cD

ai
d 

et
 a

l.,
 2

01
9 

[2
9]

U
K

SC
I a

ll 
ca

us
es

 –
 

pa
ra

pl
eg

ic
 

A
B

C

Ye
s

N
o

Ye
s

10
0%

22
9

46
 (0

 to
 8

5+
)

§
M

ar
ko

v 
M

od
el

4%
1,

71
7,

26
5

M
cD

ai
d 

et
 a

l.,
 2

01
9 

[2
9]

U
K

SC
I a

ll 
ca

us
es

 –
 

al
l D

Ye
s

N
o

Ye
s

59
6

46
 (0

 to
 8

5+
)

§
M

ar
ko

v 
M

od
el

4%
59

3,
64

9

D
ev

iv
o,

 J.
 

M
., 

19
97

 
[5

1]

U
SA

SC
I c

au
se

d 
by

 m
ot

or
 

ve
hi

cl
e 

ac
ci

de
nt

N
o

Ye
s

N
o

10
10

30
A

nn
ua

l 
w

ei
gh

te
d 

co
st 

†

4%
1,

09
5,

55
1

D
ev

iv
o,

 J.
 

M
., 

19
97

 
[5

1]

U
SA

SC
I c

au
se

d 
by

 v
io

le
nc

e
N

o
Ye

s
N

o
83

0
27

A
nn

ua
l 

w
ei

gh
te

d 
co

st 
†

4%
71

2,
50

9

D
ev

iv
o,

 J.
 

M
., 

19
97

 
[5

1]

U
SA

SC
I c

au
se

d 
by

 fa
lls

N
o

Ye
s

N
o

64
7

24
A

nn
ua

l 
w

ei
gh

te
d 

co
st 

†

4%
75

1,
70

6

D
ev

iv
o,

 J.
 

M
., 

19
97

 
[5

1]

U
SA

SC
I c

au
se

d 
by

 sp
or

ts
N

o
Ye

s
N

o
20

8
42

A
nn

ua
l 

w
ei

gh
te

d 
co

st 
†

4%
1,

08
1,

46
7

D
ev

iv
o,

 J.
 

M
., 

19
97

 
[5

1]

U
SA

ot
he

r c
au

se
s 

of
 S

C
I

N
o

Ye
s

N
o

19
7

38
A

nn
ua

l 
w

ei
gh

te
d 

co
st 

†

4%
74

9,
06

2

C
ao

 e
t a

l. 
20

11
 [6

3]
U

SA
SC

I a
ll 

ca
us

es
 –

 
C

1 
to

 C
4

N
o

Ye
s

N
o

25
A

nn
ua

l 
w

ei
gh

te
d 

co
st 

†

4%
3,

78
0,

29
4

C
ao

 e
t a

l. 
20

11
 [6

3]
U

SA
SC

I a
ll 

ca
us

es
 –

 
C

5 
to

 C
8

N
o

Ye
s

N
o

25
A

nn
ua

l 
w

ei
gh

te
d 

co
st 

†

4%
2,

57
5,

71
4



803Impact of Spinal Cord Injury on Costs and HRQoL

†  Th
e 

va
lu

e 
of

 li
fe

tim
e 

ch
ar

ge
s 

fo
r a

n 
in

di
vi

du
al

 w
ith

 S
C

I s
ec

on
da

ry
 to

 e
ac

h 
ca

us
e 

w
as

 e
sti

m
at

ed
 u

si
ng

 th
e 

m
ea

n 
fir

st 
ye

ar
 a

nd
 re

cu
rr

in
g 

an
nu

al
 c

ha
rg

es
 fo

r t
ha

t c
au

se
 (a

ss
um

in
g 

th
at

 th
e 

re
cu

r-
rin

g 
ch

ar
ge

s a
re

 c
on

st
an

t a
fte

r t
he

 fi
rs

t y
ea

r)
, m

ea
n 

ag
e 

at
 ti

m
e 

of
 in

ju
ry

 fo
r a

ll 
pe

rs
on

s i
n 

th
e 

N
at

io
na

l S
pi

na
l C

or
d 

In
ju

ry
 S

ta
tis

tic
al

 C
en

te
r d

at
ab

as
e,

 a
nd

 th
e 

m
os

t r
ec

en
t s

ur
vi

va
l d

at
a.

 C
1 

to
 C

4 
H

ig
h 

te
tra

pl
eg

ic
; C

5 
to

 C
8 

Lo
w

 te
tra

pl
eg

ic
; T

1-
S5

 p
ar

ap
le

gi
a 

(p
ar

al
ys

is
 in

 th
e 

th
or

ac
ic

, l
um

ba
r a

nd
 s

ac
ra

l a
re

a)
; A

IS
 G

ra
de

 A
 =

 c
om

pl
et

e,
 th

er
e 

is
 n

o 
m

ot
or

 o
r s

en
so

ry
 fu

nc
tio

n 
le

ft 
be

lo
w

 th
e 

le
ve

l o
f i

nj
ur

y;
 A

IS
 G

ra
de

 B
 =

 in
co

m
pl

et
e,

 se
ns

or
y 

fu
nc

tio
n,

 b
ut

 n
ot

 m
ot

or
 fu

nc
tio

n,
 is

 p
re

se
rv

ed
 b

el
ow

 th
e 

ne
ur

ol
og

ic
 le

ve
l (

th
e 

fir
st 

no
rm

al
 le

ve
l a

bo
ve

 th
e 

le
ve

l o
f i

nj
ur

y)
 a

nd
 so

m
e 

se
ns

at
io

n 
is

 p
re

se
rv

ed
 in

 th
e 

sa
cr

al
 s

eg
m

en
ts

 S
4 

an
d 

S5
.; 

A
IS

 G
ra

de
 C

 =
 in

co
m

pl
et

e,
 m

ot
or

 fu
nc

tio
n 

is
 p

re
se

rv
ed

 b
el

ow
 th

e 
ne

ur
ol

og
ic

 le
ve

l, 
bu

t m
or

e 
th

an
 h

al
f o

f t
he

 k
ey

 m
us

cl
es

 b
el

ow
 th

e 
ne

ur
ol

og
ic

 
le

ve
l h

av
e 

a 
m

us
cl

e 
gr

ad
e 

le
ss

 th
an

 3
 (i

.e
., 

th
ey

 a
re

 n
ot

 s
tro

ng
 e

no
ug

h 
to

 m
ov

e 
ag

ai
ns

t g
ra

vi
ty

); 
A

IS
 G

ra
de

 D
 =

 in
co

m
pl

et
e,

 m
ot

or
 fu

nc
tio

n 
is

 p
re

se
rv

ed
 b

el
ow

 th
e 

ne
ur

ol
og

ic
 le

ve
l, 

an
d 

at
 le

as
t 

ha
lf 

of
 th

e 
ke

y 
m

us
cl

es
 b

el
ow

 th
e 

ne
ur

ol
og

ic
 le

ve
l h

av
e 

a 
m

us
cl

e 
gr

ad
e 

of
 3

 o
r m

or
e 

(i.
e.

, t
he

 jo
in

ts
 c

an
 b

e 
m

ov
ed

 a
ga

in
st 

gr
av

ity
); 

A
ll 

stu
di

es
 in

cl
ud

ed
 c

os
ts

 o
f s

ur
gi

ca
l p

ro
ce

du
re

s, 
in

te
ns

iv
e 

ca
re

 u
ni

t, 
no

rm
al

 h
os

pi
ta

l r
oo

m
, n

ur
si

ng
 h

om
e 

ca
re

 a
nd

 a
da

pt
io

ns
 to

 h
om

e;
 P

ro
du

ct
iv

ity
 lo

ss
es

 in
cu

rr
ed

 b
y 

ca
re

rs
 o

r d
ue

 to
 p

at
ie

nt
’s

 s
ic

k 
le

av
e 

or
 p

at
ie

nt
’s

 d
ea

th
; §

 L
ite

ra
tu

re
 a

nd
 2

01
5–

20
16

 
En

gl
is

h 
N

at
io

na
l S

ch
ed

ul
e 

of
 R

ef
er

en
ce

 C
os

ts
; ¶

 h
os

pi
ta

l r
ec

or
d 

or
 th

ird
 p

ar
tie

s

Ta
bl

e 
3 

 (c
on

tin
ue

d)

A
ut

ho
rs

, y
ea

r
C

ou
nt

ry
Po

pu
la

tio
n 

ty
pe

So
ci

et
al

 
pe

rs
pe

c-
tiv

e

In
cl

ud
es

 
re

ha
bi

lit
at

io
n 

co
sts

In
cl

ud
es

 
co

sts
 o

f p
ro

-
du

ct
iv

ity
 lo

ss
 

an
d 

fa
m

ily
 

ca
re

 (s
oc

ia
l)

Pe
rc

en
t 

pa
ra

pl
e-

gi
c

D
et

ai
ls

 o
f t

he
 st

ud
y 

to
 e

sti
m

at
e 

pr
ev

a-
le

nc
e 

by
 a

ge
So

ur
ce

 o
f 

Re
so

ur
ce

 
U

se
 a

nd
 

C
os

t D
at

a

M
od

el
lin

g 
m

et
ho

d
D

is
co

un
t 

ra
te

s
C

os
ts

Sa
m

pl
e 

si
ze

, 
N

A
ge

 a
t 

in
ju

ry
, 

m
ea

n

A
ge

 a
t 

su
rv

ey
M

ea
n 

(r
an

ge
 

in
 sa

m
pl

e)

C
ao

 e
t a

l. 
20

11
 [6

3]
U

SA
SC

I a
ll 

ca
us

es
 –

 T
1 

to
 S

5

N
o

Ye
s

N
o

25
A

nn
ua

l 
w

ei
gh

te
d 

co
st 

†

4%
1,

54
5,

92
0

C
ao

 e
t a

l. 
20

11
 [6

3]
U

SA
SC

I a
ll 

ca
us

es
 –

 
A

IS
 D

N
o

Ye
s

N
o

25
A

nn
ua

l 
w

ei
gh

te
d 

co
st 

†

4%
1,

11
3,

00
8

C
ao

 e
t a

l. 
20

11
 [6

3]
U

SA
SC

I a
ll 

ca
us

es
 –

 
C

1 
to

 C
4

N
o

Ye
s

N
o

50
A

nn
ua

l 
w

ei
gh

te
d 

co
st 

†

4%
2,

12
5,

39
1

C
ao

 e
t a

l. 
20

11
 [6

3]
U

SA
SC

I a
ll 

ca
us

es
 –

 
C

5 
to

 C
8

N
o

Ye
s

N
o

50
A

nn
ua

l 
w

ei
gh

te
d 

co
st 

†

4%
1,

66
2,

29
8

C
ao

 e
t a

l. 
20

11
 [6

3]
U

SA
SC

I a
ll 

ca
us

es
 –

 T
1 

to
 S

5

N
o

Ye
s

N
o

50
A

nn
ua

l 
w

ei
gh

te
d 

co
st 

†

4%
1,

08
1,

31
3

C
ao

 e
t a

l. 
20

11
 [6

3]
U

SA
SC

I a
ll 

ca
us

es
 –

 
A

IS
 D

N
o

Ye
s

N
o

50
A

nn
ua

l 
w

ei
gh

te
d 

co
st 

†

4%
83

9,
94

9



804 M. Diop, D. Epstein 

they find themselves [103, 104]. Additionally, Bokaye et al. 
[19] demonstrated that patients with SCI have a decreased 
quality of life (QOL) compared with the general population, 
with the most significant deficits in physical functioning 
and role limitations. Scores among patients with SCI were 
10–70 points lower (on a 100-point scale) compared with the 
general population. The quality of the included studies was 
assessed as moderate to high with an overall score between 
64 and 82%.

Although some cross-sectional studies have linked 
employment status to higher HRQoL, neither the meta-
regression analysis nor the longitudinal study found any sig-
nificant differences. This could suggest that the effect found 
in cross-sectional studies is a confounded by unobserved or 
uncontrolled factors [105]. Given the results of this review, 
it appears more plausible that adequate physical function-
ing is usually a condition of gaining competitive employ-
ment, rather than the other way around. Furthermore, there 
is notable variation in gender representation across studies, 
with certain studies exclusively focusing on SCI populations 
composed entirely of men. Additionally, our examination 
of gender differences in HRQoL scores revealed a lack of 
consensus among studies, highlighting the need for further 
exploration of gender disparities in both costs and HRQoL 
assessments.

Healthcare and other costs for people living with SCI are 
substantial, accumulate over the lifetime based on factors 
such as the severity of injury, including the level of injury 
and whether non-healthcare costs were included in the study. 
Additionally, the extent of injury completeness, influenced 
by factors such as surgery and ongoing maintenance require-
ments for equipment, further impacts cost differentials. Most 
cost studies were in the USA, and it seems that total expen-
ditures in this country are higher than other systems. How-
ever, this result should be interpreted cautiously as access to 
treatment and care services in the USA may depend on the 
insurance held by the patient. Devivo, et al. [48] highlighted 
differences when costs are charged to the patient or cov-
ered by a third-party insurer. Hospital admission charges for 
acute care were three times higher when they were charged 
to a third-party payer and twice as high for 1-year costs and 
inpatient rehabilitation. Furthermore, the reported costs omit 
social costs such as accident insurance pension etc. These 
costs are also important and must be included in the SCI 
cost assessment.

4.2  Limitations

This review included both cross-sectional and longitudinal 
study designs. While cross-sectional studies can use regres-
sion methods to adjust the measure of association for observed 
covariates, they, nevertheless, carry a risk of confounding from 
selection bias, reverse causality or omitted variables. We aimed 

to be cautious in our conclusions and used different methods 
of analysis (MA, meta-regression, tabulation and comparison 
with longitudinal studies). Given the wide variety of existing 
QoL measures, we limited this review to studies including to 
EQ5D and SF-36 questionnaires to obtain a degree of homo-
geneity. These are generic HRQoL instruments that have been 
validated in many countries and conditions [106]. Neverthe-
less, they may not capture broader aspects of well-being or 
some condition-specific dimensions of QoL. Throughout the 
study, we were conscious that quality of life (and expenditures) 
on people with SCI depend on wider cultural, institutional and 
environmental factors, including attitudes to disability.

4.3  Conclusions

SCI is associated with low HRQoL on mobility and physi-
cal dimensions. Mental health scores tend to be greater than 
physical scores, and most dimensions of HRQoL appear to 
improve over time, at least over the first year. These conditions 
are associated with high costs which vary by country.
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