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Objective: To examine whether self-reported physical activ-
ity of a moderate/vigorous intensity influences risk markers
for cardiovascular disease in persons with paraplegia due to
spinal cord injury.

Design: Descriptive, cross-sectional study.

Subjects: A total of 134 wheelchair-dependent individuals
(103 men, 31 women) with chronic (=1 year) post-traumatic
spinal cord injury with paraplegia.

Methods: Cardiovascular disease markers (hypertension,
blood glucose and a blood lipid panel) were analysed and
related to physical activity.

Results: One out of 5 persons reported undertaking physi-
cal activity > 30 min/day. Persons who were physically ac-
tive >30 min/day were significantly younger than inactive
persons. Systolic and diastolic blood pressures were lower
in the physically active group. When adjusting for age, the
association between systolic blood pressure and physical
activity disappeared. Physical activity >30 min/day had a
tendency to positively influence body mass index and low-
density lipoprotein cholesterol/high-density lipoprotein
cholesterol ratio. Men had significantly higher systolic and
diastolic blood pressures than women, lower high-density
lipoprotein cholesterol, higher low-density lipoprotein cho-
lesterol/high-density lipoprotein cholesterol ratio and higher
triglycerides. No other significant differences between men
and women were found.

Conclusion: Self-reported physical activity >30 min/day in
persons with spinal cord injury positively influenced diastol-
ic blood pressure. No other reductions in cardiovascular dis-
ease risk markers were seen after controlling for age. These
results indicate a positive effect of physical activity, but it
cannot be concluded that recommendations about physical
activity in cardiovascular disease prevention for the general
population apply to wheelchair-dependent persons with spi-
nal cord injury.
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INTRODUCTION

Persons with post-traumatic paraplegia due to spinal cord
injury (SCI) have an increased risk for, and prevalence of,
cardiovascular disease (CVD) compared with the general
population (1, 2). A recent study has shown that approximately
80% of persons with paraplegia have one or more risk markers
for CVD, irrespective of body mass index (BMI) (3).
Structural, architectural, functional and psychological barri-
ers all hamper ability to perform exercise in persons with SCI
(4). Cowan et al. (5) found that intrinsic barriers, e.g. lack of
motivation, not liking exercise, not feeling it could help, etc.,
had the strongest association with exercise participation, and
socioeconomic factors might also be underappreciated.
Furthermore, in the general population, CVD risk is cor-
related with lifestyle and socioeconomic factors. According
to the World Health Organization (WHO) (6), more than
three-quarters of all CVD-related mortality may be prevented
with adequate changes in lifestyle, such as engaging in regu-
lar moderate-intensity physical activity almost daily, healthy
dieting and abstaining from tobacco. Thus, normal weight,
blood pressure (< 140/90 mmHg), cholesterol (<5 mmol/l) and
glucose metabolism are key characteristics of people who tend
to stay healthy, according to the European Heart Health Charter
(6-8). Various guidelines on population health recommend 30
min or more of moderate to vigorous physical activity per day,
5 times or more per week. Physical activity above the minimum
recommended amount increases the health benefits (8, 9).
Concerning physical activity, earlier studies have shown
some positive effects of physical activity on CVD risk markers
in persons with SCI. Physical activity guidelines have been
developed to increase physical fitness in persons with SCI
(10-12). However, no consensus exists for type, frequency,
duration and intensity of training for this population (11, 13).
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It has not yet been established whether, or to what extent, the
general recommendation of 30 min physical activity per day,
for at least 5 days per week, is applicable to the SCI population
regarding risk reduction for CVD.

Objective
The objective of the current study was to examine whether self-

reported physical activity of a moderate/vigorous intensity influ-
ences risk markers for CVD in persons with paraplegia due to SCI.

METHODS

Participants in the study group were 134 wheelchair-dependent in-
dividuals (103 men, 31 women) with post-traumatic SCI (age range
18-79 years), with paraplegia for at least 1 year (range 1-48 years).
All participants had a neurological level of lesion below Thl, and an
American Spinal Injury Association Impairment Scale (AIS) grade
of A, B or C. All persons were living in the greater Stockholm area,
where data was collected by interview, physical examination and
questionnaire, at consecutive annual check-ups in the regional SCI
outpatient centre.

Study participants agreed to participate with the approval of the
Central Ethical Review Board, Stockholm (No 2005/560-31/1).

Basic participant descriptors are presented in Table I. Socioeconomic
descriptors recorded in this study were: educational level, civil status,
smoking (operationalized as any smoking within 30 days of the study)
and physical activity before injury. There were no significant differ-
ences in these descriptors between men and women.

Physical activity was assessed by a Swedish questionnaire, adapted
and tested for this population. The questionnaire was modelled after
2 existing surveys developed for English-speaking persons with dis-
abilities (14, 15). The questionnaire was developed stepwise and tested
for content validity by multiple interviews of patients with SCI. Thirty
subjects with SCI (14 with paraplegia and 16 with tetraplegia) and 6
experts (sports instructors and physiotherapists at the SCI centre) were
included in the pre-study validation process. The following character-
istics were targeted: type(s) of physical activity; frequency, duration,
and intensity of activity; layout of questionnaire; and adequacy of
written instructions. Validation interviews included questions about:
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comprehensibility, representativeness, lack of queries, redundancy of
queries, and additional comments. The content validity was found to
be satisfactory for the purpose of this study.

A test-retest reliability of the questions was performed on 24 persons
with 7-14 days between tests. According to the standard categoriza-
tion: “poor (<0.20), fair (0.21-0.40), moderate (0.41-0.60), good
(0.61-0.80) and very good (0.81-1.00)”, the overall reliability of the
survey was deemed good (16).

Our cut-off comprised a volume of physical activity corresponding
to a minimum of 30 min each day of the week.

Participants were dichotomized into 2 groups based on their self-
report, either performing physical activity on a moderate and/or
vigorous level >30 min per day, or not.

Blood pressure was measured after 30 min of rest, recorded on the
left arm with a calibrated manometer.

Blood glucose concentrations and a lipid panel (total cholesterol
(TC), low-density lipoprotein cholesterol (LDL), high-density lipo-
protein cholesterol (HDL) and triglycerides (TG)) were quantified in
whole blood drawn from a superficial vein following an overnight
(midnight) fast and then assayed under standards of Swedish govern-
mental oversight for clinical laboratories.

Body weight was measured in kilograms on a calibrated scale. Body
height was obtained by participant report. BMI was computed as body
weight (kg) divided by the square of body height (m) (17).

Data were analysed using PASW Statistics 18. In a first stage, ana-
lysing group variables, results were described by mean and standard
deviation (SD). Differences between groups in numerical values were
calculated using Mann-Whitney U test accounting for non-normality.
In a second stage of analysis, simple and multiple linear and logistic
regression models were set up to produce crude and adjusted estimates
of the relationship between physical activity (=30 min/day) and the
CVD risk markers, accounting for potential confounding from factors
summarized in Table I (e.g. age, sex and education). All continuous
CVD risk markers were studied using linear regression.

The maximum likelihood ratio test was employed to test the inclu-
sions of new explanatory variables using a significance threshold of
0.1. Thus, for confounders to be considered, they needed to be as-
sociated with both the explanatory variable and the outcome variable
estimating a significant difference of a p-value of less than 0.1 using
the maximum likelihood ratio test. In all other interpretations of coef-
ficients, a p-value <0.05 was considered significant, and corresponding
95% confidence intervals (CI) were presented for the coefficients.

Table 1. Basic characteristics of 134 wheelchair-dependent individuals with post-traumatic spinal cord injury, paraplegia American Spinal Injury

Association Impairment Scale (AIS) grades A, B or C for at least one year

Whole group Men Women
Variable (n=134) (n=103) (n=31) p-value
Age, years, mean (SD) 47.8 (13.8) 47.9 (13.0) 473 (16.4) 0.778
Injury duration, years, mean (SD) 18.5(12.3) 18.2 (12.4) 19.6 (12.2) 0.416
Level of injury, % 0.798
Th1-Tho6 34 33 36
Th7-L4 66 67 64
Education level, % 0.199
Nine years of school/senior high school 55 58 45
Further education/university 45 42 55
Civil status, % 0.172
Single/living with parents 40 43 29
Partner/married 60 57 71
Smokers (%) 16 15 19 0.793
Physical activity before injury, % 0.836
Never/seldom 30 31 29
1-2 times/week 21 20 25
3 or more times/week 49 49 46

SD: standard deviation.
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Table II. Comparison of risk markers for cardiovascular disease between
the groups of subjects with different physical activity levels

Table I1I. Crude and adjusted linear regression coefficients of physical
activity (> 30 min per day) on CVD risk markers

Whole group >30 min/day <30 min/day Crude Adjusted

(n=134) (n=27) (n=107) Mean (95% confidence Mean (95% confidence
Variable Mean (SD) Mean (SD) Mean (SD)  p-value Variable interval) interval)
BMI 242 (45) 23.1(34) 24547 0.053 BMI, —-1.364 (-3.264 t0 0.536)  —0.664 (-2.587 to 1.259)
Systolic BP, Systolic BP,
mmHg 129.7 (23.0) 121.6 (11.8) 131.7(24.6) 0.023 mmHg —10.155 (—19.824 to —0.486)* —3.819 (—12.980 to 5.341)
Diastolic BP, Diastolic
mmHg 779 (11.8)  71.9(9.2)  79.3(12.0) 0.007 BP, mmHg -7.420 (-12.316 to —2.524)* —5.062 (-9.916 to —0.208)*
Blood glucose, Blood
mmol/L 5.2 (1.4) 5.0 (1.0) 52(1.5)  0.649 glucose,
TC 4.8 (1.0) 4.9 (0.7) 48(1.0) 0.423 mmol/l —0.230 (-0.819 to 0.359) 0.067 (-0.515 to 0.648)
HDL 1.2 (0.4) 1.1(0.3) 1.2(04) 0332 TC 0.165 (-0.246 to 0.575) 0.321 (-0.093 to 0.736)
LDL 3.0(0.9) 3.2(0.6) 3.0(1.0) 0.276 HDL —0.07 (-0.223 to 0.083) —0.027 (-0.183 to 0.129)
LDL/HDL quota 2.8(1.5) 3.1(1.0) 2.7(1.6) 0.072 LDL 0.216 (-0.169 to 0.600) 0.292 (-0.106 to 0.689)
TG 1.3(0.8) 1.4 (0.8) 1.3(0.8) 0.875 LDL/HDL
SD: standard deviation; BMI: body mass index; BP: blood pressure; quota 0.310(-0.321 t0 0.942) 0.291 (-0.366 to 0.949)
TC: total cholesterol; HDL: high-density lipoprotein cholesterol; LDL: TG 0.031 (-0.299 to 0.361) 0.107 (-0.233 to 0.447)
low-density lipoprotein cholesterol; TG: triglycerides. *p<0.05.

RESULTS

One out of 5 persons (20.1%) reported undertaking physical
activity >30 min per day. Examples of moderate physical
activity were wheeling and strength training, and examples of
vigorous physical activity were basketball and hand-cycling.
A group comparison of risk markers between persons with the
different physical activity levels is shown in Table II.

A comparison of CVD risk markers between the groups of
persons fulfilling criteria or not, showed significant differences
regarding blood pressure, and a tendency to significant differ-
ences regarding BMI and LDL/HDL ratio.

The mean amount of weekly physical activity was 53 min
(standard deviation (SD) 134 min), and the mean amount of
weekly moderate/vigorous training and physical activity was
107+ 182 min. Older age correlated with a lower level of self-
reported physical activity, with the amount of daily physical
activity (p=0.047), and with the amount of moderate/vigor-
ous physical training and physical activity level (p=0.005).
Persons who were physically active >30 min per day were
significantly younger than those who were inactive (40.6 (SD
9.2) vs 49.6 (SD 14.2), p=0.001). When adjusting for age
in a multiple linear regression model, significant association
between systolic blood pressure and the physical activity
variable disappeared and the estimated coefficient decreased
by approximately threefold, while the risk marker of diastolic
blood pressure still revealed a significant effect from physical
activity with a smaller decrease in coefficient. Physical activ-
ity above the minimum recommended level correlated with a
mean decrease in diastolic blood pressure of approximately 5
mmHg. The adjusted estimate from the multiple linear regres-
sion models are shown in Table III.

Men had significantly higher systolic and diastolic blood
pressures than women, lower HDL, higher LDL/HDL ratio,
and higher TG. No other significant differences were found
between men and women.
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SD: standard deviation; BMI: body mass index; BP: blood pressure; TC:
total cholesterol; HDL: high-density lipoprotein cholesterol; LDL: low-
density lipoprotein cholesterol; TG: triglycerides.

There were no significant differences between the physically
active and non-active group concerning the socioeconomic
factors in the study.

DISCUSSION

The main result of this study was that self-reported physical
activity, according to recommendations for the general popula-
tion, in persons with paraplegia due to SCI did not correlate
with decreased CVD risk markers. The exception was a slightly
decreased diastolic blood pressure, which has shown to be of
a preventive value, especially for persons below 50 years of
age. However, whether this preventive effect is applicable to
this patient group with SCI is not fully known (18).

No other differences in risk markers were seen when con-
trolled for age. This may indicate that the general recommenda-
tions are not sufficient or fully applicable as CVD prevention
for persons with SCI.

The self-reported method might be inaccurate in assessing
the true work intensity and amount of physically active time per
week. The intensity of a physical activity may be experienced
differently between different persons. However, questionnaires
are well-established for this type of assessment in population-
based studies. In addition, there are no standard methods for
studying physical activity in daily living in the SCI population.

The currently defined “moderate intensity” physical activity
level is 40-59% of VO, or heart rate reserve, and “vigorous-
intensity” physical activity level is defined as 60-85% of VO,
or heart rate reserve (8). These physical activity levels might
not be reachable by SCI subjects, at least not in those with
neurological lesion levels above Th6, due to disruption of
sympathetic outflow and/or due to the small remaining mus-
cle mass under voluntary control. It has also been shown that



rating of perceived exertion (RPE) related to VO, and heart
rate is not valid as an index of perceived exertion in persons
with SCI (19). Further studies are needed in order to establish
a method to evaluate perceived exertion in persons with SCI.

Some previous studies indicate that high-intensity physical
activity might have beneficial effects on the blood lipid profile
in persons with SCI (20, 21). However, further investigation
is needed to determine whether physical activity may be ef-
fective for CVD prevention in this population. Furthermore, it
remains to be established which actual frequency and intensity
of physical activity, if any, may be effective and recommended
for CVD prevention after SCI, as the recommendations for
the general population seem to be either inappropriate or not
applicable for persons with paraplegia.

Our findings show an overall low level of self-reported
physical activity among wheelchair-dependent persons with
paraplegia due to SCI. The recommended level of 30 min per
day, at least 5 days per week, at moderate or vigorous intensity
(9, 22), was reported by only 20% of the sample. By contrast,
results from a survey on Swedish public health, carried out
in 2009, showed that 66% of the men and 65% of the women
reported being physically active 30 min or more per day (23). In
our study group, approximately 50% reported being physically
active 30 min or more, 3 times or more per week prior to the
injury. Thus, the physical activity level apparently decreased
post-injury, possibly reflecting the many hurdles posed to
persons with this disability in maintaining a physically active
lifestyle. Such hurdles comprise transportation problems, the
time it takes for the disabled person to prepare for physical
activity, lack of interest, internal barriers and/or an economic
reasons for not being physically active (4, 5). Ginis et al.
showed that, with increasing age and time post-injury, leisure-
time physical activity decreases. They also showed no relation
between pre-injury levels of physical activity and leisure-time
physical activity post-injury (24, 25).

Buchholz et al. (26) reported a lower BMI and waist cir-
cumference in physically active vs physically inactive women,
but no changes in other risk factors over an 18-month period.
Our results showed a tendency of a decreased BMI level in
the physically active group, but not after adjusting for age.

Krause et al. (27) have pointed out the importance of avoid-
ing other CVD risk factors among persons with SCI, including
smoking, alcohol overconsumption, use of prescription and illicit
drugs, disordered sleep, etc. Other preventative factors should
also be studied further, e.g. diets and pharmacological methods.

Aside from possible positive CVD preventive effects, it is
important that clinics, responsible for SCI rehabilitation and
regular follow-ups, etc., adopt the guidelines developed for
physical activity, in order to improve physical activity levels,
and thereby increase physical capacity and muscular strength
and facilitate activities of daily living in this SCI population
(10, 11).

It should be noted that this study is restricted to persons who
are wheelchair-dependent due to post-traumatic paraplegia.
Further studies among other SCI subgroups are needed in order
to generalize these findings to persons with SCI in general.
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In conclusion, only 20% of the study group reported un-
dertaking physical activity for more than 30 min per day.
Self-reported physical activity, according to recommendations,
in persons with SCI, did positively influence diastolic blood
pressure. However, no other reductions in CVD risk markers
were seen after controlling for age. The results indicate a posi-
tive effect of physical activity, but we cannot conclude that
recommendations for physical activity in CVD prevention for
the general population are applicable to wheelchair-dependent
persons with SCI.

ACKNOWLEDGEMENT

The authors gratefully acknowledge the Promobilia Foundation who has
supported this study with grant funding.

REFERENCES

1. Myers J, Lee M, Kiratli J. Cardiovascular disease in spinal cord
injury: an overview of prevalence, risk, evaluation, and manage-
ment. Am J Phys Med Rehabil 2007; 86: 142—152.

2. Wahman K, Nash MS, Lewis JE, Seiger A, Levi R. Increased
cardiovascular disease risk in Swedish persons with paraplegia:
the Stockholm spinal cord injury study. J Rehabil Med 2010; 42:
489-492.

3. Flank P, Wahman K, Levi R, Fahlstrom M. Prevalence of risk
factors for cardiovascular disease stratified by body mass index
categories in patients with wheelchair-dependent paraplegia after
spinal cord injury. J Rehabil Med 2012; 44: 440-443.

4. Scelza WM, Kalpakjian CZ, Zemper ED, Tate DG. Perceived
barriers to exercise in people with spinal cord injury. Am J Phys
Med Rehabil 2005; 84: 576-583.

5. Cowan RE, Nash MS, Anderson KD. Exercise participation barrier
prevalence and association with exercise participation status in
individuals with spinal cord injury. Spinal Cord 2013; 51: 27-32.

6. World Health Organization (WHO). Joint WHO/FAO Expert Con-
sultation on diet, nutrition and the prevention of chronic diseases
2002. Report No.: 916. Geneva: WHO; 2003.

7. O’Kelly S, Ryden L. The political power of heart doctors: with
the European Heart Health Charter towards a European policy on
cardiovascular disease. Eur J Cardiovasc Prev Rehabil 2009; 16
Suppl 2: S58-S60.

8. Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren
WM, et al. European guidelines on cardiovascular disease preven-
tion in clinical practice (version 2012): the fifth joint task force
of the European Society of Cardiology and other societies on
cardiovascular disease prevention in clinical practice (constituted
by representatives of nine societies and by invited experts). Int J
Behav Med 2012; 19: 403-488.

9. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA,
et al. Physical activity and public health: updated recommenda-
tion for adults from the American College of Sports Medicine
and the American Heart Association. Med Sci Sports Exerc 2007;
39: 1423-1434.

10. Arbour-Nicitopoulos KP, Martin Ginis KA, Latimer-Cheung
AE, Bourne C, Campbell D, Cappe S, et al. Development of an
evidence-informed leisure time physical activity resource for
adults with spinal cord injury: the SCI Get Fit Toolkit. Spinal
Cord 2013; 51: 491-500.

11. Ginis KA, Hicks AL, Latimer AE, Warburton DE, Bourne C,
Ditor DS, et al. The development of evidence-informed physical
activity guidelines for adults with spinal cord injury. Spinal Cord
2011; 49: 1088-1096.

J Rehabil Med 46



890

12.

14.

15.

16.

17.

20.

P. Flank et al.

Hicks AL, Martin Ginis KA, Pelletier CA, Ditor DS, Foulon B,
Wolfe DL. The effects of exercise training on physical capacity,
strength, body composition and functional performance among
adults with spinal cord injury: a systematic review. Spinal Cord
2011;49: 1103-1127.

. Warburton DE, Eng JJ, Krassioukov A, Sproule S. Cardiovascular

health and exercise rehabilitation in spinal cord injury. Top Spinal
Cord Inj Rehabil 2007; 13: 98-122.

Rimmer JH, Riley BB, Rubin SS. A new measure for assessing the
physical activity behaviors of persons with disabilities and chronic
health conditions: the Physical Activity and Disability Survey. Am
J Health Promot 2001; 16: 34-42.

Washburn RA, Zhu W, McAuley E, Frogley M, Figoni SF. The
physical activity scale for individuals with physical disabilities:
development and evaluation. Arch Phys Med Rehabil 2002; 83:
193-200.

Altman D, editor. Some common problems in medical research.
In: Pratical statistics for medical research. London: Chapman &
Hall; 1991.

World Health Organization (WHO). BMI classification. Geneva:
WHO; 2011.

. Franklin SS. The importance of diastolic blood pressure in pre-

dicting cardiovascular risk. ] Am Soc Hypertens 2007; 1: 82-93.

. Lewis JE, Nash MS, Hamm LF, Martins SC, Groah SL. The re-

lationship between perceived exertion and physiologic indicators
of stress during graded arm exercise in persons with spinal cord
injuries. Arch Phys Med Rehabil 2007; 88: 1205-1211.

de Groot PC, Hjeltnes N, Heijboer AC, Stal W, Birkeland K. Effect

J Rehabil Med 46

21.

22.

23.

24.

25.

26.

27.

of training intensity on physical capacity, lipid profile and insulin
sensitivity in early rehabilitation of spinal cord injured individuals.
Spinal Cord 2003; 41: 673-679.

El-Sayed MS, Younesian A. Lipid profiles are influenced by arm
cranking exercise and training in individuals with spinal cord
injury. Spinal Cord 2005; 43: 299-305.

World Health Organization (WHO). Global recommendations on
physical activity for health. Geneva: WHO; 2010.

Public Health Agency of Sweden. [National health report 2009.]
Available from: www.folkhalsomyndigheten.se (in Swedish).
Ginis KA, Arbour-Nicitopoulos KP, Latimer AE, Buchholz AC,
Bray SR, Craven BC, et al. Leisure time physical activity in a
population-based sample of people with spinal cord injury part I1:
activity types, intensities, and durations. Arch Phys Med Rehabil
2010; 91: 729-733.

Ginis KA, Latimer AE, Arbour-Nicitopoulos KP, Buchholz AC,
Bray SR, Craven BC, et al. Leisure time physical activity in a
population-based sample of people with spinal cord injury part I:
demographic and injury-related correlates. Arch Phys Med Rehabil
2010; 91: 722-728.

Buchholz AC, Horrocks J, Martin Ginis KA, Bray SR, Craven BC,
Hicks AL, et al. Changes in traditional chronic disease risk factors
over time and their relationship with leisure-time physical activity
in people living with spinal cord injury. Appl Physiol Nutr Metab
2012; 37: 1072—-1079.

Krause JS, Carter RE, Pickelsimer E. Behavioral risk factors of
mortality after spinal cord injury. Arch Phys Med Rehabil 2009;
90: 95-101.



