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Abstract
Study Design This is a cross-sectional study.
Objectives To describe the association between cardiovascular risk factors (body mass index (BMI), waist circumference
(WC), blood pressure, blood glucose and lipids) and leisure time physical activity (LTPA) in older adults with long-term
spinal cord injury (SCI).
Setting Community settings, southern Sweden.
Methods Data from the baseline data collection of the Swedish Aging with Spinal Cord Injury Study (SASCIS) (n= 123,
71% men, injury levels C1-L5, American Spinal Injury Association Impairment Scale A-D, mean age 63 years, mean time
since injury 24 years). Data were collected through home interviews, assessments and blood samples. The Physical Activity
Recall Assessment for People with SCI was used to assess LTPA. Associations were investigated using multivariable linear
regression analyses adjusted for age, gender, level and severity of injury, cause of injury, time since injury and tobacco use.
Results More minutes per day of moderate-to-heavy LTPA were significantly associated with a lower BMI (Beta=−0.31;
p= 0.001) and a lower WC (Beta=−0.24; p= 0.009). More minutes per day of total LTPA (mild intensity or greater) were
associated with a higher systolic blood pressure (Beta= 0.27; p= 0.041) among participants with tetraplegia. No other
significant associations between the cardiovascular risk factors and total LTPA were found.
Conclusion Participation in daily LTPA is associated with better cardiovascular health with regard to BMI and WC in older
adults with long-term SCI. Further studies are needed to establish the specific amount of activity needed to obtain positive
health effects in this group and the directional causality of the associations.
Sponsorship Not applicable.

Introduction

Persons with spinal cord injury (SCI) are at greater cardi-
ovascular risk compared to the general population [1–4],
and 30–40% of deaths in the chronic SCI population are

caused by an underlying or contributing cardiovascular
disease (CVD) [5, 6]. This elevated risk could be explained
by autonomic dysfunction, metabolic changes, altered body
composition and a sedentary lifestyle after injury [1, 4].
Some of these risk factors are potentially modifiable which
calls for elucidation of lifestyle-related preventative mea-
sures to reduce the risk of CVD after SCI. Such measures
are especially important in the long-term SCI-management,
as both older chronological age and longer time since injury
add to cardiovascular risk [7, 8].

In the general population, physical activity is strongly
associated with beneficial effects on well-known risk factors
for CVD, such as overweight, diabetes, dyslipidemia and
hypertension [9, 10]. The type of physical activity asso-
ciated with health benefits is referred to as leisure time
physical activity (LTPA), i.e., physical activity performed
during free time, such as walking and exercising [11]. There

* Sophie Jörgensen
sophie.jorgensen@med.lu.se

1 Department of Health Sciences, Lund University, Lund, Sweden
2 Department of Neurology and Rehabilitation Medicine, Skåne

University Hospital, Lund, Sweden
3 School of Health and Exercise Sciences, University of British

Columbia, Okanagan Campus, Kelowna, BC, Canada
4 Department of Neuroscience, Rehabilitation Medicine, Uppsala

University, Uppsala, Sweden

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-018-0233-5&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-018-0233-5&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-018-0233-5&domain=pdf
http://orcid.org/0000-0002-7076-3594
http://orcid.org/0000-0002-7076-3594
http://orcid.org/0000-0002-7076-3594
http://orcid.org/0000-0002-7076-3594
http://orcid.org/0000-0002-7076-3594
mailto:sophie.jorgensen@med.lu.se


is also evidence of cardiovascular benefits of moderate-to-
heavy intensity LTPA after SCI [12, 13], and international
exercise guidelines specific to adults with chronic SCI have
recently been developed [14]. These guidelines specify the
type and minimum amount of exercise to achieve fitness
and cardiometabolic benefits in this group [14]. However,
there was insufficient evidence to draw conclusions on the
health effects of LTPA in the aged SCI population [13, 14].
This lack of evidence for older adults with chronic SCI
limits the ability for scientists to formulate evidence-based
exercise guidelines for all segments of the SCI population.
Given the growing number of older adults living long-term
with SCI, ways to promote healthy and active aging after
injury is of increasing clinical and scientific interest
[4, 15, 16]. There is thus a need for increased knowledge of
the benefits of LTPA in this specific population.

We have, to our knowledge, for the first time, described
participation in LTPA and associated factors in a Swedish
sample of older adults with long-term SCI [17]. In agree-
ment with previous population-based studies of persons
with SCI of different ages [1, 18], we found that LTPA
participation varied greatly, and many of the older adults
did not engage in any LTPA [17]. Also, we have recently
reported on a high occurrence of cardiovascular risk factors
in the same Swedish SCI-sample [19]. In that study, we
found only weak associations between the occurrence of
risk factors and non-modifiable sociodemographics and
injury characteristics [19]. Further studies are therefore
needed to increase our knowledge about modifiable factors
associated with the specific cardiovascular risk profile of
older adults with long-term SCI.

As there are, to the best of our knowledge, no studies of
the association between cardiovascular risk factors and
LTPA in older adults with long-term SCI, further research is
needed to establish LTPA recommendations targeting car-
diovascular health in this population.

The objective of this study is to determine the association
between cardiovascular risk factors (body mass index, waist
circumference, blood pressure, blood lipid profile, fasting
plasma glucose) and participation in LTPA in older adults
with long-term SCI. We hypothesize that more minutes of
LTPA are associated with lower levels of risk factors in this
group [12, 20].

Methods

Research design

This study is based on the baseline data collection of the
Swedish Aging with Spinal Cord Injury Study (SASCIS)
(for details, see Jörgensen et al. [21]), a population-based,
longitudinal cohort study assessing individuals 50 years or

older and at least 10 years after SCI. The SASCIS is the first
longitudinal study in Northern Europe aiming to contribute
to the knowledge base of factors associated with healthy
aging in individuals with long-term SCI [16, 17, 19, 22, 23].

Participants

All participants were living in the community and recruited
through databases available at the SCI Unit at Skåne Uni-
versity Hospital in Lund, Sweden. The SCI Unit serves a
catchment area of approximately 1.8 million people and
admits 35–55 individuals with SCI for primary rehabilita-
tion each year. At the time of recruitment (year 2011), 184
individuals met the inclusion criteria of the SASCIS (i.e., at
least 50 years old and at least 10 years after traumatic SCI
or non-progressive, acquired non-traumatic SCI). The final
study sample comprised 123 individuals (36 women and 87
men, 67% response rate) with a mean age of 63 years
(range: 50–89 years) and a mean time since injury of 24
years (range: 10–56 years). There were no significant dif-
ferences between the study participants and the non-
participants regarding gender, chronological age, time
since injury, age at injury, level and severity of injury and
cause of injury [21]. On the basis of the American Spinal
Injury Association Impairment Scale (AIS) [24], the fol-
lowing three groups of SCI severity were formed: (i) tet-
raplegia AIS A–C (n= 22; 15 AIS A, 4 AIS B and 3 AIS
C); (ii) paraplegia AIS A–C (n= 41; 23 AIS A, 8 AIS B
and 10 AIS C); and (iii) all AIS D (n= 60) [21].

Data collection

In the SASCIS, the data were collected through interviews
and assessments in the participants’ homes (n= 122) or at
another place (n= 1). Twelve (4 SCI-specific and 8 generic)
internationally validated and widely used assessment tools
were used together with a study-specific questionnaire (for
details, see [21]); in the present study, a subset of the data
were used to address the objective.

Sociodemographics, injury characteristics and tobacco use

The data on sociodemographics (gender, age), injury char-
acteristics (age at injury, time since injury, level and
severity of injury, cause of injury) and tobacco use were
collected from the participants’ medical records and the
study-specific questionnaire.

Body mass index and waist circumference

The participants were weighed wearing light clothing and
no shoes, using a portable scale for wheelchairs (Corina
Medical MPWS 300; Rörvik, Sävsjö, Sweden), and 0.5 kg
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were subtracted from the obtained body weight. Supine
height was measured using a flexible, stretch-resistant
measuring tape. Body mass index (BMI) was calculated
as kg/m2. Waist circumference (WC) was measured in the
supine position at the umbilical level after a normal
expiration, using a flexible, stretch-resistant measuring tape.

Blood pressure, lipid profiles and fasting plasma glucose

Sitting blood pressure (BP) was measured manually in the
right arm. Blood analyses of lipid profiles (i.e., total cho-
lesterol (TC), triglycerides (TG), low-density lipoprotein
cholesterol (LDL-c), high-density lipoprotein cholesterol
(HDL-c)) and fasting plasma glucose (FPG) were obtained
at the participants’ local primary health care center. Ana-
lyses of blood samples were conducted according to stan-
dardized hospital laboratory methods. In case of
hypertension, dyslipidemia and/or elevated FPG levels,
participants were referred to his/her primary care physicians
for further investigation and treatment. A detailed descrip-
tion of the occurrence of cardiovascular risk factors in the
SASCIS population has been presented elsewhere [19].

Leisure time physical activity

LTPA was assessed using the Physical Activity Recall
Assessment for People with Spinal Cord Injury (PARA-
SCI) [25]. The assessment is based on self-report and per-
formed according to a standardized, structured interview
protocol [26]. The participants were asked about the type,
frequency, amount and intensity of all physical activities
(i.e., LTPA and activities of daily living) they had per-
formed during the past three days. The intensity was clas-
sified using a SCI-specific chart [25]. In this study, only
data on LTPA were used, presented as the mean number of
minutes per day of LTPA of at least mild intensity (i.e., total
LTPA) and of moderate-to-heavy intensity (i.e., moderate-
to-heavy LTPA), respectively. A detailed description of
LTPA participation and associated factors within the
SASCIS study sample has been presented elsewhere [17].

Data and statistical analyses

The data were processed using IBM SPSS Statistics for
Windows v. 25 (IBM Corporation, Armonk, NY, USA).
Descriptive statistics were calculated for sociodemograhics,
injury characteristics, tobacco use, BMI, WC, BP, lipid
profiles, FPG and LTPA. For data collected with the PARA-
SCI, two outliers (greater than the mean ± 3 standard
deviations (SD)) were reduced to the next lowest value in
the distribution. Multivariable linear regression models
were computed with each of the cardiovascular risk factors
as dependent variables. Separate sets of models were

computed for total LTPA and moderate-to-heavy LTPA as
independent variables, and all models were controlled for
age, gender, level and severity of injury, cause of injury,
time since injury and tobacco use (current daily smoker;
yes/no). As the level and severity of injury were represented
by three categories, dummy variables were created with the
all AIS D as the reference category. Four participants did
not complete the PARA-SCI and were excluded from the
regression analyses. Only the regression models where a
significant association between LTPA and cardiovascular
risk factors could be found are presented in the results; these
models exhibited no influential cases, no residual outliers,
no heteroscedasticity, no multicollinearity and the residuals
were normally distributed.

Results

Sociodemographics and injury characteristics

In Table 1, the data on the participants’ sociodemographics
and injury characteristics are presented. Their mean (SD)
age was 63 (9) years, ranging between 50 and 89 years. The
mean (SD) time since injury was 24 (12) years, the mean
(SD) age at injury 39 (16) years and the majority (71%)
were men. Almost half (49%) of the participants presented
with an AIS D injury and almost two thirds (62%) had
sustained a traumatic SCI.

Table 1 Sociodemographics and injury characteristics of older adults
with long-term spinal cord injury (n= 123)

n (%); mean ± SD; median, min–max

Gender

Men 87 (71)

Women 36 (29)

Age (years) 63 ± 9; 63, 50–89

Age at injury (years) 39 ± 16; 38, 7–74

Time since injury (years) 24 ± 12; 22, 10–56

Cause of injury

Traumatica 76 (62)

Non-traumaticb 47 (38)

Level and severity of injury

Tetraplegia AIS A–C 22 (18)

Paraplegia AIS A–C 41 (33)

All AIS D 60 (49)

AIS American Spinal Injury Association (ASIA) Impairment Scale
[24]; SD standard deviation
aTraffic/transportation, fall, workplace accident, diving accident,
gunshot/assault/torture, other traumatic
bSpinal tumor, spinal disc herniation, spinal arteriovenous malforma-
tion, spinal infarction, spinal infection
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Cardiovascular risk factors and leisure time physical
activity

In Table 2, data on the participants’ BMI, WC, BP, lipid
profiles, FPG, tobacco use and participation in LTPA are
presented. The participants’ mean (SD) BMI was 27.2 (4.5)
kg/m2, and their mean (SD) WC was 101.2 (12.9) cm.
Sixteen percent smoked cigarettes on a daily basis. There
was a large variation in reported total LTPA, with a mean
(SD) of 34.7 (41.5) min per day (median 15.0 min per day).
A total of 29% did not engage in any LTPA. The mean (SD)
amount of moderate-to-heavy LTPA was 22.5 (35.1)
(median of 5.0 min per day).

Associations between cardiovascular risk factors
and leisure time physical activity

Moderate-to-heavy LTPA was associated with some of the
risk factors and these associations are presented in Table 3.
The independent variables explained between 10 and 32%
of the variance in the cardiovascular risk factors. More min
per day of moderate-to-heavy LTPA were significantly
associated with a lower BMI (Beta=−0.31; p= 0.001) and
a lower WC (Beta=−0.24; p= 0.009) (Table 3). No other
significant associations between the cardiovascular risk
factors and moderate-to-heavy LTPA were found.

Total LTPA was not associated with any of the cardio-
vascular risk factors when controlled for age, gender, level
and severity of injury, cause of injury, time since injury and
tobacco use; therefore, the results from these regression
models are not presented. When participants with tetra-
plegia (n= 46) and paraplegia (n= 71) were analyzed
separately, controlling for age, gender, cause of injury, time
since injury and tobacco use, more minutes per day of total

LTPA were significantly associated with a higher systolic
BP (Beta= 0.27; p= 0.041) among participants with
tetraplegia.

Discussion

The present study, to our knowledge, is the first to describe
the association between cardiovascular risk factors and
participation in LTPA in a population of older adults with
long-term SCI. Our hypothesis was partly supported as more
minutes per day of LTPA of at least moderate intensity were
significantly associated with a lower BMI and a lower WC,
after adjusting for sociodemographics, injury characteristics
and tobacco use. In addition, more minutes per day of LTPA
of all intensities were significantly associated with a higher
systolic BP among participants with tetraplegia.

Associations between cardiovascular risk factors
and leisure time physical activity

Body mass index and waist circumference

The regression analyses revealed that more minutes per day
of moderate-to-heavy LTPA were significantly associated
with a lower BMI and WC. These results are supported by
previous cross-sectional research using the PARA-SCI (n=
56, mean age 42 years, mean time since injury 14.5 years,
79% men) [12]. However, a more recent Swedish study
could not confirm this finding (n= 134, mean age 48 years,
mean time since injury 18.5 years, 77% men) [20]. The
latter study included only participants with wheelchair-
dependent paraplegia, which may explain the differences
between their findings and our results. The most frequently

Table 2 Body mass index, waist
circumference, blood pressure,
blood analyses, tobacco use and
participation in leisure time
physical activity among older
adults with long-term spinal
cord injury

mean ± SD; median, min–max n (%)

BMI; kg/m2 (n= 121) 27.2 ± 4.5; 26.6, 14.1–40.2

Waist circumference; cm (n= 119) 101.2 ± 12.9; 100.0, 65.0–134.0

Systolic blood pressure; mmHg (n= 121) 135.6 ± 24.3; 135.0, 73.0–195.0

Diastolic blood pressure; mmHg (n= 121) 82.5 ± 12.1; 84.0, 54.0–110.0

Total cholesterol; mmol/l (n= 116) 4.9 ± 1.1; 4.8, 2.6–8.2

Triglycerides; mmol/l (n= 116) 1.6 ± 1.1; 1.2, 0.4–8.7

Low-density lipoprotein cholesterol; mmol/l (n= 116) 3.1 ± 1.0; 3.0, 1.1–6.1

High-density lipoprotein cholesterol; mmol/l (n= 116) 1.3 ± 0.5; 1.3, 0.6–3.6

Fasting plasma glucose; mmol/l (n= 111) 5.9 ± 1.7; 5.5, 3.8–14.7

Current daily smoking (n= 123) 20 (16)

Total LTPAa; min/day (n= 119) 34.7 ± 41.5; 15, 0.0–171.7

Moderate-to-heavy LTPAb; min/day (n= 119) 22.5 ± 35.1; 5, 0.0–140.0

SD standard deviation, BMI body mass index, LTPA leisure time physical activity
aLTPA of mild, moderate and heavy intensity combined
bLTPA of moderate and heavy intensity combined
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reported activity in the SASCIS sample was walking and
wheelchair use was the strongest explanatory factor for less
participation in LTPA [17]. Our inclusion of participants
with preserved ability to walk might therefore have con-
tributed to a larger variability in LTPA participation, and
thereby a detectable relationship between BMI and LTPA.

Considering the association between BMI and LTPA, it
was not surprising that we also found a significant negative
association between WC and moderate-to-heavy LTPA. Our
results are again supported by previous findings [12]. In
addition, a recent study by Pelletier et al. [27] (n= 136, mean
age 49 years, mean time since injury 16 years, 74% men)
showed a significant relationship between less visceral adi-
pose tissue and moderate-to-heavy LTPA. Together, these
findings infer that participation in LTPA has a promising
effect on body composition, although causal inferences
cannot be made due to the cross-sectional study designs.

Notably, only moderate-to-heavy LTPA contributed to
the explained variance in BMI and WC. The results are well
in line with the recently developed SCI-specific exercise
guidelines, stating that at least moderate intensity physical
activity is required for health benefits [14]. Controlled trials
targeting older adults with long-term SCI are needed to
establish the cause and effect of the associations found, and
to extend the exercise guidelines into this segment of the
SCI population. Nevertheless, our findings suggest that
moderate-to-heavy LTPA may be included in interventions
to decrease overweight and central adiposity also among
older adults with long-term SCI, and thereby possibly
reduce their risk of developing CVD.

Our independent variables, including moderate-to-heavy
LTPA, explained less than 15% of the variance in BMI
and WC. This indicates that several other factors can con-
tribute to these risk markers of CVD among older adults

with long-term SCI. For example, there is evidence of a
relationship between cardiovascular health and socio-
economic and psychological factors, both in the general
population and after SCI [28–31]. Whether these associa-
tions hold true also among older adults with long-term
injury is yet to be determined.

Blood pressure, lipid profiles and fasting plasma glucose

LTPA did not exhibit any significant associations with BP
when participants with different level and severity of injury
were analyzed together. However, when separating the two
main injury groups (tetraplegia and paraplegia), we found a
significant positive relationship between total LTPA and
systolic BP among participants with cervical injuries. This
is in agreement with previous studies, which indicate a trend
towards a higher systolic BP among active persons with
tetraplegia as compared to inactive [12], as well as an
increase in resting systolic BP after exercise among persons
with tetraplegia [32, 33]. Taken together, these findings
suggest that LTPA could be beneficial for persons with
cervical lesions and hypotension. On the contrary, we could
not confirm previous findings of a relationship between
more LTPA and a lower BP among persons with paraplegia
[12, 20]. It is possible that our participants with paraplegia
did not reach the amount of LTPA required to elicit an
association with BP.

Moreover, we did not find any significant associations
between blood lipids, FPG and LTPA. This is typically
described in the non-injured population [9, 10], but our
findings are, in fact, consistent with earlier research on self-
reported LTPA and cardiovascular risk after SCI [12, 20].
The lack of significant relationships does not necessarily
mean that physical activity is unrelated to these risk

Table 3 Multivariable linear
regression models investigating
the association between body
mass index, waist circumference
and moderate-to-heavy leisure
time physical activity among
older adults with long-term
spinal cord injury, adjusted for
sociodemographics, injury
characteristics and tobacco use

Independent variables Body mass index (n= 117) Waist circumference (n= 115)

Beta B 95% CI for B Beta B 95% CI for B

Moderate-to-heavy LTPA; min/
day

−0.31** −0.04** −0.06,−0.02 −0.24** −0.09** −0.16, −0.02

Age; years 0.05 0.02 −0.07, 0.12 0.07 0.10 −0.18, 0.38

Time since injury; years −0.002 −0.001 −0.07, 0.07 0.07 0.08 −0.14, 0.29

Female gender −0.04 −0.35 −2,18, 1.48 −0.24* −6.68* −12.07,
−1.30

Non-traumatic injury 0.16 1.46 −0.36, 3.29 0.07 1.81 −3.57, 7.19

Tetraplegia AIS A–Ca −0.08 −0.98 −3.35, 1.39 0.18 6.14 −0.77, 13.06

Paraplegia AIS A–Ca 0.24* 2.19* 0.28, 4.09 0.21* 5.84* 0.16, 11.51

Current daily smoking −0.02 −0.26 −2.59, 2.07 −0.08 −2.72 −9.40, 3.96

Adjusted R2 0.11 0.13

Beta standardized regression coefficient, B unstandardized regression coefficient, CI confidence interval,
LTPA leisure time physical activity

*p < 0.05; **p < 0.01
aReference category: All AIS D
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indicators among older adults with long-term SCI. It might
instead reflect that our participants performed several dif-
ferent types of LTPA of different intensities. In the literature
on LTPA conceptualized as exercise, moderate-to-heavy
intensity aerobic training exhibits a positive effect on blood
lipid profiles and glucose metabolism after SCI [13, 34].
Considering the overall low participation in aerobic exercise
among our participants and the variability in performed
activities [17], it is likely that they did not reach the amount
of aerobic training required for changes in blood lipids and
glucose metabolism. Indeed, at least 30 min of moderate-to-
heavy aerobic exercise three times per week is required for
positive effects on these parameters [14]. As half of the
SASCIS sample performed less than 5 min of moderate-to-
heavy LTPA per day, the majority of our participants do not
even come close to fulfilling these recommendations. Thus,
the present study further adds to the contention that research
on how to promote participation in LTPA among older
adults with long-term SCI is of great importance to support
a healthy and active aging after injury [16, 17].

Strengths and limitations

The studies in the SASCIS are conducted on data from a
population-based, representative sample of older adults with
long-term SCI in southern Sweden [21]. Furthermore, we
used a SCI-specific questionnaire – the PARA-SCI – that
has sound psychometric properties [25, 35], to assess
LTPA. Self-report measures of physical activity are always
susceptible to recall and response bias, but the PARA-SCI
was recently suggested as the most suitable self-report
assessment of LTPA in persons with physical disabilities
[36]. The PARA-SCI has a short recall time (i.e., 3 days)
which limits the risks for recall bias, and the SCI-specific
intensity chart [25] facilitates accurate rating of activity
intensity. There are also a few limitations to the present
study. We included persons with various injury levels and
AIS grades which could have concealed between-group
differences in the associations between the cardiovascular
risk factors and LTPA. However, the sample size did not
permit further separate analyses according to the level and
severity of injury. Due to the cross-sectional study design,
we were not able to identify causal relationships between
variables.

Conclusion

The present study suggests an association between cardio-
vascular health and participation in daily moderate-to-heavy
LTPA among older adults with long-term SCI, where both
BMI and WC decrease with increasing LTPA. In addition,
systolic BP increases with more LTPA of all intensities, but

only among participants with tetraplegia. This study can
serve as a starting point for future research to establish the
directional causality of the associations found, and to
determine the amount of activity needed to obtain positive
health effects among older adults with long-term SCI.

Data archiving

All the data were archived according to the Swedish Act
concerning the Ethical Review of Research Involving
Humans to attain confidentiality and are available from the
corresponding author upon reasonable request.
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