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Abstract

Study design Cross-sectional and longitudinal.

Objectives To (i) describe health-related quality of life (HRQoL) and changes over 6 years in older adults aging with long-
term spinal cord injury (SCI) and (ii) investigate how changes in HRQoL are associated with age, gender, and injury
characteristics.

Setting Community in southern Sweden.

Methods From the initial 123 participants (years 2011-2012) in the Swedish Aging with Spinal Cord Injury Study
(SASCIS), 77 individuals (32% women, C1-L3, AIS A-D, median age 66 years, median time since injury 31 years, 30%
complete injuries) were assessed 6 years later. HRQoL was rated with the Spinal Cord Injury Quality of Life Questionnaire
(SCI QL-23). Associations were investigated using multivariable linear regression analyses.

Results The median rating of global QoL (scale range 0-100) was relatively high at both assessments (67 and 83,
respectively). There was a large variability in all HRQoL-domains and no significant changes over 6 years. As compared to
an AIS D injury, a tetraplegia AIS A—C injury and tetraplegia and paraplegia AIS A—C injuries were associated with positive
change in depressive symptoms and global QoL, respectively.

Conclusions Older adults aging with long-term SCI show large variations in all HRQoL-domains and have the potential to
maintain a high and stable level of HRQoL over time. Persons with AIS D injuries may need increased attention to mitigate
negative changes in depressive symptoms and global QoL. Further studies are needed to identify modifiable factors
associated with changes in HRQoL in older adults aging with long-term SCI.

Introduction

An overall purpose of rehabilitation and long-term man-
agement after a spinal cord injury (SCI) is to enable indi-
viduals to reach and maintain the highest possible level of
quality of life (QoL) [1] throughout their lifespan. Despite
the growing attention to research and clinical practice
regarding aging with long-term SCI, knowledge of QoL
many years after a SCI is still very limited.

QoL is a broad concept and commonly referred to as
health-related QoL (HRQoL), which can be defined as

P4 Sophie Jorgensen
sophie.jorgensen @med.lu.se
Department of Health Sciences, Lund University, Lund, Sweden

Department of Rehabilitation Medicine, Skéne University
Hospital, Lund, Sweden

“components of overall (objective) QoL that center upon or
are directly or indirectly affected by health, disease, disorder
and injury [...] [2]”. The Spinal Cord Injury Quality of Life
Questionnaire (SCI QL-23) [3] is a measure of HRQoL
developed specifically for people with SCI. It considers the
physical, psychological, and social burden of SCI and has
been validated for Swedish conditions [4]. Using the SCI
QL-23, Elfstrom et al. [4] found that the use of appropriate
coping strategies with higher acceptance and lower social
reliance contribute to a greater HRQoL. Similar results were
found in a recent systematic review where acceptance
coping was associated with higher levels of QoL [5].
However, conflicting results have been found how different
domains of HRQoL are associated with age, gender and
injury characteristics [6-9]. These associations have mostly
been studied cross-sectionally and in samples including
younger persons with a wide range of years since injury.
As many persons with SCI today live into old age with
long-term injury, knowledge is needed on how the aging
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process influences HRQoL. There are some longitudinal
studies describing various aspects of QoL [10-12]. They
often report on an improvement in QoL after the acute
injury, which then remains high and stable over time
[10, 13, 14]. However, satisfaction with health seems to
decline quite rapidly 3040 years after injury among persons
who have lived more than 40 years with SCI [15]. To the
best of our knowledge, no study has focused on SCI-specific
HRQoL and changes over time in a population of older
adults with long-term SCI. Moreover, longitudinal data on
aging with SCI from a Northern European perspective (i.e.,
the Nordic countries and the Baltic states) are non existent.
An increased understanding of HRQoL, changes over time
and associated factors as one ages with long-term SCI can
facilitate the design of rehabilitation interventions and
follow-up programs to support healthy aging after SCL

The aims of this study are (i) to describe HRQoL and
changes over 6 years in older adults aging with long-term
SCI and (ii) to investigate how changes in HRQoL are
associated with age, gender, and injury characteristics.
Based on previous research [4, 6, 9, 10, 13, 14] and clinical
experience, we hypothesize that HRQoL remains relatively
stable over time, but that domains covering SCl-related
disability decline, and that injury characteristics are stronger
explanatory factors for changes in HRQoL than age and
gender.

Methods
Research design

As part of the large longitudinal, population-based cohort
study the Swedish Aging with Spinal Cord Injury Study
(SASCIS) [16], the present study is based on data collected
at the initial assessment (years 2011-2012) and at the sec-
ond assessment after on average 6 years (years 2017-2018).
The SASCIS is the first longitudinal study on aging with
SCI conducted from a Northern European perspective and
aims to provide knowledge on factors associated with
healthy aging in people with long-term SCI [16]. We aim to
perform follow-up assessments with 6 year intervals. The
results from our previous cross-sectional studies are overall
positive, showing that these older adults with long-term SCI
exhibit a relatively high level of physical independence, are
generally satisfied with their lives, have a strong sense of
coherence and a low presence of probable depression.
However, our results also provide indications for a proac-
tive approach in clinical follow-up, especially regarding
pain, depressive symptoms, satisfaction with sexual life,
and lifestyle-related factors [17-21].

Data were collected through structured interviews and
assessments during home visits, using 12 (eight generic and
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four SCI-specific) widely used and internationally validated
assessment tools together with a study-specific ques-
tionnaire (for details, see Jorgensen et al. [16]), focusing on
different aspects of functioning, disability, and health. All
assessment tools initially included were used at the second
assessment to enable comparisons over time. In the present
study, a subset of the data was used to address the aims. The
SASCIS follows the STROBE (Strengthening the reporting
of observational studies in epidemiology) recommendations
on reporting of cohort studies [22].

Participants

Participants in the SASCIS were residing in the community
and recruited from databases at the SCI Unit at Skane
University Hospital in Lund, Sweden. The SCI Unit pro-
vides primary rehabilitation to persons with newly acquired
SCI, covering a catchment area of 1.9 million people in
southern Sweden. The two main inclusion criteria of the
SASCIS were: (i) aged 50 years or older and (ii) at least 10
years after a traumatic or an acquired, nonprogressive,
nontraumatic SCI. In addition, participants were required to
understand Swedish and reside in the southern part of
Sweden.

Data collection
Gender, age, and injury characteristics

Data on gender, age, and injury characteristics (age at
injury, time since injury, and cause of injury (dichotomized
as traumatic/non traumatic) and level and severity of injury
(according to the International Standards for Neurological
Classification of Spinal Cord Injury (ISNCSCI) [23]) were
collected through a study-specific questionnaire and
retrieved from the initial data collection.

Health-related quality of life

Data on HRQoL were collected using the Spinal Cord
Injury Quality of Life Questionnaire (SCI QL-23) [3]. The
SCI QL-23 is a 23-item questionnaire developed in Sweden
through a combination of items from the Sickness Impact
Profile (SIP) and the Hospital Anxiety and Depression scale
(HAD) with questions regarding SClI-related problems. It
rates HRQoL across four main domains: (i) functioning (ten
items assessing physical and social limitations), (ii)
depressive feelings (six items assessing distress and
depressive symptoms), (iii) perception of SCl-related pro-
blems (six items assessing perception of loss of indepen-
dence, of SCl-related complications and of social stigma
resulting from injury-related problems) and (iv) global QoL
(one item to rate the overall QoL on a scale from one to
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seven). Scores from each domain are transformed into a
0-100 scale. Lower scores on functioning, depressive
feelings and SCl-related problems indicate greater SCI-
related QoL, whereas higher scores on the global QoL item
indicate greater overall QoL. Content validity of the
instrument is assured by the combination of both generic
and SCl-specific aspects of physical and psychosocial
functioning and well-being along with overall QoL [6].
Internal consistency has been reported as high (Cronbach’s
alpha 20.85) and the tool is sensitive to clinically relevant
differences regarding level and severity of injury [6].

Statistical methods

Data analyses were performed using the Statistical Package
for Social Sciences Software version 25 (IBM Corporation,
Armonk, NY, USA). Data on age, gender, injury char-
acteristics, and HRQoL are presented using percentages (%)
and median (25th-75th percentiles; Tukey’s hinges). To
investigate associations between HRQoL domains at the
second assessment and age, gender and injury character-
istics, the Mann—Whitney U test/the Kruskal-Wallis test
and Spearman’s rho were used: For categorical variables
with two groups (gender, cause of injury), differences
between subgroups were analysed using the Mann—Whitney
U test and data are presented as median, effect size, and p
value. For categorical variables with three groups (level and
severity of injury), differences between subgroups were
analysed using the Kruskal-Wallis test and data are pre-
sented as median and p value with post hoc analyses in
footnote. For continuous variables (age, age at time of
injury, and time since injury), correlations were investigated
using Spearman’s rho and data are presented as Spearman’s
rho; p value. Changes from the initial to the second
assessment in each domain of HRQoL were assessed using
the Wilcoxon signed-rank test. Effect sizes were calculated
as r=2Z value/square root of n (n=total number of
observations) [24].

To investigate associations between changes in HRQoL
and age, gender and injury characteristics, multivariable
linear regression analyses were computed. For these ana-
lyses, a change score was calculated where the scores for
the four domains in the SCI QL-23 at the initial assessment
were subtracted from the scores at the second assessment.
Two outliers (mean +3 SD) were detected in the change
score of the functioning domain and one outlier was
detected in the change score of the depressive feelings
domain; the outliers were reduced to the next lowest value
in the distribution. A sensitivity analysis did not reveal any
differences between using untransformed and transformed
scores. The change score was used as the dependent vari-
able and independent variables were gender, age at the
second assessment, time since injury at the second

assessment, level and severity of injury (with all AIS D as
reference category), and cause of injury. Models were
controlled for the score of the investigated domain in the
SCI QL-23 at the initial assessment. Only significant
models are presented. The presented models exhibited no
residual outliers, no influential cases, no multicollinearity,
no heteroscedasticity and the residuals were normally dis-
tributed. Adjusted R* is used as a measure of explained
variance. The relationship between significant independent
variables and the dependent variable were further investi-
gated using descriptive statistics. A p value<0.05 was
considered statistically significant.

Results
Participants

A flow chart of the recruitment process for the initial and
second assessments is presented in Fig. 1. Of 184 eligible
participants, the final study sample at the initial assessment
(years 2011-2012) included 123 participants. At the time of
the second assessment (years 2017-2018), 101 people from
the original sample were alive, and 23 declined to

INITIATION OF THE
SASCIS
(2011-2012)

Eligible participants
N=184

Declined to participate

n=10

n=51
- No contact

First assessment
N=123
Median age 63 yrs
Women 29 %
Median time post injury 22 yrs

Declined to participate
> n=23
Deceased
n=22

Second assessment
(2017-2018)
N=78
Median age 66 yrs
Women 32%
Median time since injury 31 yrs

Fig. 1 Describes the recrutiment procedure of the Swedish Aging
with Spinal Cord Injury Study (SASCIS) from the initiation in
2011-2012 to the second assessment in 2017-2018. The boxes to the
left present the number and characteristics of the final participants and
the boxes to the right present the non-participants.
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participate further. When comparing the deceased (n =22)
with the potential participants (n = 101), they were older at
baseline (p =0.006, median age 66 years and 61 years,
respectively). In addition, more of the initial participants
with tetraplegia AIS A—C injuries were deceased compared
to those with paraplegia AIS A—C and AIS D injuries (p =
0.044; 36% as compared to 15% and 13%, respectively).

The final study sample at the second assessment com-
prised 78 participants. Based on the ISNCSCI [23], three
different groups of SCI level and severity were formed: (i)
tetraplegia AIS A—C (n = 12), (ii) paraplegia AIS A-C (n =
26), and (iii) all AIS D (n =40). When comparing the final
study sample at the initial assessment (n =78) with the
dropouts (n=23) no significant differences were found
with regard to gender, age, level of injury (tetraplegia versus
paraplegia), cause (traumatic versus nontraumatic), or
severity of injury (complete versus incomplete). The parti-
cipants at the second assessment were younger at the time
of injury (p=0.021, median 34.5 years and 50 years,
respectively) and had lived longer with their injury (p =
0.014, median 25 years and 15 years, respectively) as
compared to the non participants.

Age, gender and injury characteristics

From the original SASCIS study sample (n=123), 77
participants had completed the SCI QL-23 at the second
assessment and were included in the present study. Data on
their age, gender, and injury characteristics are presented in
Table 1.

Table 1 Age, gender, and injury characteristics of older adults aging
with long-term spinal cord injury.

n (%)/median (25th—75th percentiles)

Age (years) 66 (62-73)
Gender

Men 52 (68)

Women 25 (32)
Age at time of injury (years) 35 (22-51)
Time since injury (years) 31 (20-39)
Cause of injury

Traumatic® 49 (64)

Non-traumatic® 28 (36)
Level and severity of injury

Tetraplegia AIS A—C 12 (16)

Paraplegia AIS A-C 25 (32)

All AIS D 40 (52)

AIS American Spinal Injury Association Impairment Scale [23].

*Traffic/transportation, fall, workplace accident, diving accident,
gunshot/assault/torture, other traumatic.

bSpinal tumor, spinal disk herniation, spinal arteriovenous malforma-
tion, spinal infarction, spinal infection.
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Health-related quality of life among older adults
aging with long-term spinal cord injury and changes
over 6 years

Data on the four domains of the SCI QL-23 and changes in
HRQoL from the initial to the second assessment are pre-
sented in Table 2. At group level, there were no significant
changes over time in any of the four domains of the SCI
QL-23.

Associations between health-related quality of life
and age, gender, and injury characteristics

Associations between HRQoL at the second assessment and
age, gender and injury characteristics are presented in
Table 3. Participants with traumatic SCI rated significantly
poorer on functioning (r=0.24; p=0.037) and injury-
related problems (r=0.31; p =0.007) compared to parti-
cipants with nontraumatic SCI. Participants with a tetra-
plegia AIS A-C injury rated significantly poorer on
functioning compared to participants with an AIS D injury
(r=0.52; p=0.004).

Associations between changes in health-related
quality of life over 6 years and age, gender, and
injury characteristics

Associations between changes in HRQoL from the initial to
the second assessment and age, gender, and injury char-
acteristics are presented in Table 4. The models with
changes in functioning and perception of SCl-related pro-
blems as dependent variables did not reach significance. For
depressive feelings, the independent variables explained
16% of the variance. Regardless of the rating at the initial
assessment, a tetraplegia AIS A—C injury was significantly
associated with a negative change (i.e., fewer depressive
feelings) as compared to an AIS D injury over time (mean
change score —6.9 and 1.65, respectively). For global QoL,
the independent variables explained 43% of the variance.
Regardless of the rating at the initial assessment, tetraplegia
and paraplegia AIS A-C injuries were significantly asso-
ciated with positive change (i.e., greater global QoL) as
compared to an AIS D injury over time (mean change score
16.3, 9.0, and —0.83, respectively).

Discussion

The present study describes, for the first time, HRQoL and
changes over time among older adults aging with long-term
SCI in a Northern European perspective. The median rating
of global QoL was relatively high at both assessments (67
and 83, respectively), and all HRQoL-domains exhibited
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Table 2 Health-related quality of life among older adults aging with long-term spinal cord injury at the initial and the second assessment.

SCI QL-23 (scale 0-100) Second assessment median Effect size; P value®

(25th—75th percentiles)

Initial assessment median
(25th—75th percentiles)

Physical/social functioning 29 (12-49) 34 (19-56) 0.12; 0.13
Depressive feelings 11 (6-22) 11 (5.5-22) 0.04; 0.65
Injury-related problems 44 (28-64) 44 (28-67) 0.12; 0.14
Global QoL 67 (50-83) 83 (67-92) 0.11; 0.18

SCI QL-23, Spinal Cord Injury Quality of Life Questionnaire: lower scores on functioning, depressive feelings and injury-related problems
indicate greater QoL. Higher scores on global QoL indicate greater QoL.

“Differences between the initial and the second assessment were analysed with the Wilcoxon signed-rank test. Effect sizes were calculated as r = Z-
value/square root of the total number of observations.

Table 3 Associations between health-related quality of life and age, gender, and injury characteristics among older adults aging with long-term
spinal cord injury at the second assessment.

SCI QL-23 (scale 0-100)

Functioning Depressive feelings Injury-related problems Global quality of life
Ts p value Ts p value T p value T p value

Age (years) 0.15 0.19 —0.004 0.97 0.06 0.61 0.074 0.52

Age at time of injury (years) 0.047 0.68 0.036 0.76 0.054 0.64 0.13  0.26

Time since injury (years) 0.11 0.36 —-0.03  0.81 0.02 0.87 —-0.14 022
Median  ES; p value® Median ES; p value* Median ES; p value® Median ES; p value®

Traumatic/non-traumatic 36/31 0.24; 0.037* 11/9 0.12; 0.29 56/33 0.31; 0.007* 83/83 0.02; 0.856

Men/women 34/39 0.05; 0.68 6/17 0.16; 0.15 44/39 0.007; 0.95  83/83 0.04; 0.72
Median  p value® Median p value® Median  p value® Median  p value®

Tetra AIS A—C/Para AIS A-C/All AIS D 58/35/30 0.003*¢ 6/11/11 0.11 39/59/42  0.55 83/83/67 0.039*

SCI QL-23 Spinal Cord Injury Quality of Life Questionnaire, r; Spearman’s rho, ES effect size: lower scores on functioning, depressive feelings
and injury-related problems indicate greater quality of life (QoL). Higher scores on global QoL indicate greater QoL.

Effect sizes were calculated as r = Z-value/square root of the total number of observations.

*Statistically significant result (p <0.05).

#Analysed with the Mann—Whitney U test.

bAnalysed with the Kruskal-Wallis test.

“Post hoc analyses with Bonferroni correction revealed significant differences between tetra AIS A—C and all AIS D, »=0.52; p =0.004.

dpost hoc analyses with Bonferroni correction revealed no significant differences between groups.

large variability. Our hypotheses were partly supported as
HRQoL remained stable over 6 years. Moreover, the level
and severity of injury explained some variance in depressive
feelings and global QoL, where a higher level and more
severe SCI was associated with better outcomes.

Health-related quality of life among older adults
aging with long-term spinal cord injury and changes
over 6 years

The participants rated very similarly across the four
domains of HRQoL at both assessments, indicating a stable
situation over time. In comparison with a previous Swedish
study (n =256, median age 40 years, median time since

injury 7 years) [4], our participants rated a greater global
QoL. These positive findings were expected as previous
studies have found that global QoL reaches a relatively high
and stable level many years after SCI [10, 13, 14]. In the
SASCIS sample, we have previously reported on relatively
high levels of global life satisfaction [17, 20]. Although life
satisfaction and HRQoL are not identical constructs, it
could be assumed that a person’s overall satisfaction with
their life situation would relate to the rating of global QoL.
The findings may reflect that those who are better adjusted
and more satisfied with their life situation take part in
follow-ups [12]. Another potential explanation is that
priorities and expectations have shifted after the injury and
with age [14]. Taken together, the present and previous

SPRINGER NATURE
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Table 4 Multivariable linear

regression models investigating
the association between changes
in health-related quality of life

and age, gender, and injury
characteristics among older
adults aging with long-term
spinal cord injury.

Independent variables

Depressive feelings®

Global quality of life*

Beta B 95% CI for B Beta B 95% CI for B
Age at second assessment —0.13 —0.25 —0.70, 0.20 0.31 0.10 —0.31, 0.92
(years)
Female gender 0.07 2.32 —5.26, 9.90 —0.09 —-0.72 —10.93, 9.49
Time since injury at second  —0.07 —0.05 —-0.41, 0.27 —0.16 —0.39 —0.86, 0.09
assessment (years)
Non-traumatic injury —0.14 —4.43 —13.51, 4.65 0.05 2.62 —9.92, 15.16
Tetraplegia AIS A—C® —0.29*  —12.16% —22.39, —1.94  0.36** 25.35%+ 11.15, 39.54
Paraplegia AIS A—C° —0.14 —4.55 —13.26, 4.16 0.31%* 16.79** 4.48, 29.09
Score at initial assessment —047%%  —0.46*%* —0.68, —0.24 —0.67** —0.76*%* —0.96, 15.16
Adjusted R? 0.16 0.43

Beta standardized regression coefficient, B unstandardized regression coefficient, CI confidence interval

p < 0.05; **p<0.01.

“Change scores (scores at the initial assessment were subtracted from the scores at the second assessment) for
the subscales Depressive feelings and Global quality of life in the Spinal Cord Injury Quality of Life
Questionnaire (SCI QL-23). Lower scores on depressive feelings indicate greater quality of life (QoL).
Higher scores on global QoL indicate greater QoL.

PReference category: all AIS D.

findings show that despite aging with a lifelong disability,
persons with SCI have the potential to reach and maintain a
relatively high global QoL over time and many years after
the injury.

When assessing specific domains of HRQoL, a slightly
different picture emerged. As compared to other Swedish
samples [4], our participants rated similarly or poorer on
physical and social functioning, somewhat better on per-
ceptions of injury-related problems and much better on
depressive feelings. These results indicate that our partici-
pants experienced a certain degree of physical and social
limitations, loss of independence and difficulties regarding
injury-related problems, but still had few signs of distress
and depression. Again, this was not unexpected as we have
previously found a low (5%) occurrence of probable
depression in the SASCIS sample [19]. These findings
therefore contradict the common notion that older adults in
general [25], and people with SCI in particular [26] are at
high risk of depressive disorders.

Previous studies have found a longer time since injury to
be associated with greater global QoL [7] and to be a pro-
tective factor against depression [27]. At the second
assessment, the SASCIS participants had lived with SCI for
a median time of 31 years, which could provide one
explanation to the overall positive results. Another potential
explanation is that SCI rehabilitation programs in southern
Sweden are valuable sources of long-term support. In times
of financial constraints within the healthcare sector, such
programs need resources to accommodate the growing
number of older adults with long-term SCI. Well-
coordinated follow-up routines at an SCI Unit will likely
be financially rewarding in the long-term perspective.

SPRINGER NATURE

Associations between health-related quality of life
and age, gender, and injury characteristics

Our findings indicate, not surprisingly, that the higher the
level and the more complete the lesion, the more limitations
in physical functioning and social interaction. In compar-
ison, some previous studies have found a relationship
between level and severity of injury and HRQoL [4, 6, 9],
whereas others have not [7, 8]. A plausible explanation for
this discrepancy may be the use of different assessment
tools. Indeed, two studies using the SCI QL-23 [4, 6], both
reported on significant relationships between the function-
ing domain of HRQoL and neurological impairment.
Together with our results, these findings support the validity
of the assessment tool in that subjective physical limitations
conform with objective impairments [6].

Associations between changes in health-related
quality of life over 6 years and age, gender, and
injury characteristics

In the multivariable analyses, a lower level and less severe
SCI was associated with worse outcomes regarding
depressive symptoms and global QoL over time. This might
not be expected, yet, others have found similar results
[27, 28]. In addition, we have previously found an asso-
ciation between more depressive symptoms, a lower satis-
faction with somatic health and an AIS D injury in the
SASCIS sample [19, 20]. The literature provides some
explanation to these somewhat counterintuitive findings.
For example, persons with less severe SCI can perceive a
lack of understanding for their disability due to less visible
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impairments, and experience more pain and fatigue when
walking [29]. The findings emphasize the need for increased
attention to persons with AIS D injuries in the clinical
setting. However, according to our clinical experience,
persons with long-term AIS D injuries may have been
excluded from follow-up programs some time after injury as
their physical impairment seemed modest. The interval
between their follow-ups may also have been prolonged as
their potential SCI-related problems were regarded as pos-
sible to handle by primary health care providers. Given the
many dimensions of mood and global QoL that can be
affected after injury, also persons with less severe SCI need
access to SCl-specialized rehabilitation professionals to
mitigate negative changes over time.

Surprisingly, there was no relationship between changes
in HRQoL domains covering SCl-related disability and
sociodemographics and injury characteristics. One might
expect that persons aging with more severe SCI would
experience negative change in these domains as the aging
process in itself entails declines in functioning. However,
reaching older age with a disability may be perceived as a
time of normalization as other people start to experience
age-related impairments. Persons with a long-term disability
may also be better prepared for age-related challenges as
their resilience and adaptive skills have developed [30].

Given the broad construct of global QoL, the amount of
variance explained by the independent variables (43%) can
be considered rather high. However, no or little amount of
variance was explained in the other HRQoL domains. These
findings are actually encouraging as the investigated
sociodemographics and injury characteristics are not mod-
ifiable by intervention. Further studies investigating mod-
ifiable factors related to changes in HRQoL are therefore
needed to provide targets for interventions to support
HRQoL in older adults aging with long-term SCI.

Strengths and limitations

Several strengths of the SASCIS have been previously
described, such as the use of internationally established
assessment tools, the consistency of the data collection,
limited missing data, and the representative study popula-
tion [16]. The longitudinal design of the current study
allows us to assess the effect of aging with long-term SCI
on different domains of HRQoL over time. Furthermore, we
used a validated questionnaire to assess HRQoL, developed
specifically for people with SCI and for Swedish conditions.
It is possible that healthier subjects from the original sample
were recruited for the second assessment and that partici-
pants with poorer HRQoL were lost to follow-up. As data
protection regulations prevent collection of data on the
nonparticipants’ health status and QoL, it is not possible to
eliminate such bias.

Conclusions

Older adults aging with long-term SCI exhibit large varia-
tions in all HRQoL-domains and have the potential to
maintain a relatively high and stable level of HRQoL over
time. They show few signs of distress and depression and a
high level of global QoL, despite some feelings of physical
and social limitations and difficulties regarding injury-
related problems. The associations indicate that persons
with AIS D injuries may need increased attention in the
clinical setting to mitigate negative changes in depressive
symptoms and global QoL over time. This study can serve
as a starting point for future research to identify modifiable
factors associated with changes in HRQoL in older adults
aging with long-term SCIL.

Data availability

To attain confidentiality, all data were archived according to
the Swedish Act concerning the Ethical Review of Research
involving humans and are available from the corresponding
author upon reasonable request.

Acknowledgements The authors are grateful to all participants in the
SASCIS. The authors also wish to thank Lizette Norin, Ph.D., and
Ulrica Lundstrom, Ph.D., for their involvement in the data collection
in the initial and second assessment, respectively.

Funding This study was carried out within the framework of the
longitudinal research project the SASCIS, financed by research grants
from Gun and Bertil Stohne’s Foundation, Lund University and Skéne
University Hospital (ALF agreement), the Norrbacka-Eugenia Foun-
dation, the Promobilia Foundation, the Research Fund of Neuro
Sweden, Skane University Hospital (SUS Stiftelser och donationer),
the Stiftelsen for bistdnd at rorelsehindrade i Skane, the Strategic
Research Area in neuroscience (MultiPark) and the Swedish Asso-
ciation for Survivors of Accident and Injury (RTP). The initial
assessment in the SASCIS was accomplished within the context of the
Center for Ageing and Supportive Environments (CASE), Lund Uni-
versity, financed by the Gustaf V and Queen Victoria’s Freemason
Foundation, the Swedish Research Council and the Swedish Research
Council for Health, Working Life and Welfare (Forte).

Author contributions The SASCIS was initiated and designed by SJ
and JL. SJ and JL designed the present study, SJ performed the data
analyses and drafted the paper in collaboration with MVCA and JL.
All authors critically revised the paper and all authors have read and
approved the final version of the paper.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval The SASCIS was approved by the Regional Ethical
Review Board in Lund (No. 2010/692, initial assessment, and No.
2016/911, second assessment) and the study was conducted in
accordance with the Declaration of Helsinki for research on humans.
All participants received oral and written information about the study

SPRINGER NATURE



776

S. Jorgensen et al.

procedures, provided written informed consent to participate and were
informed about their right to withdraw at any time without giving a
reason. We certify that all applicable institutional and governmental
regulations concerning the ethical use of human volunteers were fol-
lowed during the course of this research.

Publisher’'s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Tulsky DS, Rosenthal M. Quality of life measurement in rehabi-
litation medicine: building an agenda for the future. Arch Phys
Med Rehabil. 2002;83:S1-3.

2. Dijkers M. Quality of life after spinal cord injury: a meta analysis
of the effects of disablement components. Spinal Cord. 1997;35:
829-40.

3. Lundqvist C, Siosteen A, Sullivan L, Blomstrand C, Lind B,
Sullivan M. Spinal cord injuries: a shortened measure of function
and mood. Spinal Cord. 1997;35:17-21.

4. Elfstrtom M, Rydén A, Kreuter M, Taft C, Sullivan M. Relations
between coping strategies and health-related quality of life in
patients with spinal cord lesion. J Rehabil Med. 2005;37:9-16.

5. Aaby A, Ravn SL, Kasch H, Andersen TE. The associations of
acceptance with quality of life and mental health following spinal
cord injury: a systematic review. Spinal Cord. 2020;58:130-48.

6. Jain NB, Sullivan M, Kazis LE, Tun CG, Garshick E. Factors
associated with health-related quality of life in chronic spinal cord
injury. Am J Phys Med Rehabil. 2007;86:387-96.

7. Geyh S, Ballert C, Sinnott A, Charlifue S, Catz A, D’Andrea
Greve JM, et al. Quality of life after spinal cord injury: a com-
parison across six countries. Spinal Cord. 2013;51:322-6.

8. Barker RN, Kendall MD, Amsters DI, Pershouse KJ, Haines TP,
Kuipers P. The relationship between quality of life and disability
across the lifespan for people with spinal cord injury. Spinal Cord.
2009;47:149-55.

9. Tavakoli SA, Kavian M, Bakhsh SC, Ghajarzadeh M, Hamedan
MS, Ghazwin MY, et al. Is level of injury a determinant of quality
of life among individuals with spinal cord injury? A tertiary
rehabilitation center report. Oman Med J. 2016;31:112-6.

10. Savic G, Charlifue S, Glass C, Soni B, Gerhart K, Ali J. British
ageing with SCI study: Changes in physical and psychosocial
outcomes over time. Top Spinal Cord Inj Rehabil. 2010;15:41-53.

11. Charlifue S. A collaborative longitudinal study of aging with
spinal cord injury: overview of the background and methodology.
Top Spinal Cord Inj Rehabil. 2007;12:1-14.

SPRINGER NATURE

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Krause JS, Clark JM, Saunders LL. SCI longitudinal aging study:
40 years of research. Top Spinal Cord Inj Rehabil. 2015;21:
189-200.

Sakakibara BM, Hitzig SL, Miller WC, Eng JJ. An evidence-
based review on the influence of aging with a spinal cord injury on
subjective quality of life. Spinal Cord. 2012;50:570-8.
Pershouse KJ, Barker RN, Kendall MB, Buettner PG, Kuipers P,
Schuurs SB, et al. Investigating changes in quality of life and
function along the lifespan for people with spinal cord injury.
Arch Phys Med Rehabil. 2012;93:413-9.

Krause JS, Newman JC, Clark JMR, Dunn M. The natural course
of spinal cord injury: changes over 40 years among those with
exceptional survival. Spinal Cord. 2017;55:502-8.

. Jorgensen S, Iwarsson S, Norin L, Lexell J. The Swedish Aging

with Spinal Cord Injury Study (SASCIS): methodology and initial
results. PM R. 2016:8:667-77.

Jorgensen S, Iwarsson S, Lexell J. Secondary health conditions,
activity limitations, and life satisfaction in older adults with long-
term spinal cord injury. PM R. 2017;9:356-66.

Jorgensen S, Hill M, Lexell J. Cardiovascular risk factors among
older adults with long-term spinal cord injury. PM R. 2019;11:
8-16.

Jorgensen S, Martin Ginis KA, Iwarsson S, Lexell J. Depressive
symptoms among older adults with long-term spinal cord injury:
associations with secondary health conditions, sense of coherence,
coping strategies and physical activity. J Rehabil Med.
2017;49:644-51.

Jorgensen S, Hedgren L, Sundelin A, Lexell J. Global and
domain-specific life satisfaction among older adults with long-
term spinal cord injury. J Spinal Cord Med. 2019. https://doi.org/
10.1080/10790268.2019.1610618.

Jorgensen S, Martin Ginis KA, Lexell J. Leisure time physical
activity among older adults with long-term spinal cord injury.
Spinal Cord. 2017;55:848-56.

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC,
Vandenbroucke JP. Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement: guidelines for
reporting observational studies. BMJ (Clin Res Ed). 2007;335:
806-8.

Kirshblum SC, Burns SP, Biering-Sorensen F, Donovan W,
Graves DE, Jha A, et al. International standards for neurological
classification of spinal cord injury (revised 2011). J Spinal Cord
Med. 2011;34:535-46.

Field A. Discovering statistics using IBM SPSS Statistics. And
sex and drugs and rock ‘n’ roll. 4th ed. (London: SAGE Pub-
lications; 2014).

Blazer DG. Depression in late life: review and commentary. J
Gerontol A Biol Sci Med Sci. 2003;58:249-65.

Post MW, van Leeuwen CM. Psychosocial issues in spinal cord
injury: a review. Spinal Cord. 2012;50:382-9.

Saunders LL, Krause JS, Focht KL. A longitudinal study of
depression in survivors of spinal cord injury. Spinal Cord. 2012;
50:72-7.

Ames H, Wilson C, Barnett SD, Njoh E, Ottomanelli L. Does
functional motor incomplete (AIS D) spinal cord injury confer
unanticipated challenges? Rehabil Psychol. 2017;62:401-6.
Jannings W, Pryor J. The experiences and needs of persons with
spinal cord injury who can walk. Disabil Rehabil. 2012;34:
1820-6.

Molton IR, Yorkston KM. Growing older with a physical dis-
ability: a special application of the successful aging paradigm. J
Gerontol B Psychol Sci Soc Sci. 2017;72:290-9.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/10790268.2019.1610618.
https://doi.org/10.1080/10790268.2019.1610618.

	Changes in health-related quality of life among older adults aging with long-term spinal cord injury
	Abstract
	Introduction
	Methods
	Research design
	Participants
	Data collection
	Gender, age, and injury characteristics
	Health-related quality of life
	Statistical methods

	Results
	Participants
	Age, gender and injury characteristics
	Health-related quality of life among older adults aging with long-term spinal cord injury and changes over 6 years
	Associations between health-related quality of life and age, gender, and injury characteristics
	Associations between changes in health-related quality of life over 6 years and age, gender, and injury characteristics

	Discussion
	Health-related quality of life among older adults aging with long-term spinal cord injury and changes over 6 years
	Associations between health-related quality of life and age, gender, and injury characteristics
	Associations between changes in health-related quality of life over 6 years and age, gender, and injury characteristics
	Strengths and limitations

	Conclusions
	Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.Acknowledgements
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	ACKNOWLEDGMENTS
	References




