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Abstract

Objective: To survey the incidence of clinical risk markers and its correlation with established clinical measurements for 
cardiovascular disease (CVD) in a heterogeneous spinal cord injured (SCI) patient population.

Design: Descriptive, cross-sectional study.

Subjects: 78 patients with SCI, at different injury and functional level.

Methods: Anthropometric data, blood pressure, a blood lipid panel, blood glucose and a questionnaire were analyzed.

Results: Eighty-one percent of all patients had dyslipidemia (DL) and a majority of the patients with abdominal measures 
below the recommended cut-off levels had DL. Self-reported physical activity above the cut-off level was reported by 32.1% 
of the patients. There were no differences in clinical measures, serum lipid values and blood glucose between physically 
active and not active patients. No differences were seen between men/women, tetraplegia/paraplegia and wheelchair de-
pendent/not wheelchair dependent patients.

Conclusion: DL is common and seems to be not treated or undertreated in the studied SCI patient group with different neu-
rological lesion and functional levels. General anthropometric clinical measures do not seem to be valid for evaluating risk 
for CVD in this patient group.

Keywords : Cardiovascular Disease; Tetraplegia; Paraplegia; Blood Lipids; Blood Glucose; Anthropometry; BMI ; Physical 
Activity



Introduction

The acute care and management of the spinal cord injured pa-
tient has improved significantly in the last decades. Persons 
with spinal cord injury (SCI) now live longer, but secondary 
complications remain major concerns. Causes of death among 
persons with SCI have changed somewhat over time  [1]. Up 
until the mid-20th century, the leading cause of death was renal 
and pulmonary conditions. Today, the leading cause of death 
is cardiovascular disease (CVD)  [2]. CVD is the cause of death 
in 46% of SCI subjects surviving at least 30 years post injury  
[3]. Other studies have indicated that patients with SCI have a 
2.5-5 times higher risk for CVD  [3, 4] and a 8.5 times higher 
risk for myocardial infarction [5]. than the general population. 
At annual checkups, urinary and pulmonary function as well 
as presence of pressure ulcers has traditionally been exam-
ined, whereas CVD risk indicators have been neglected. As our 
knowledge regarding the changing morbidity and mortality 
patterns after SCI has increased, an increased focus on CVD 
prevention and lifestyle promotion seems appropriate.

Thus, the development of evidence-based recommendations 
regarding physical activity and pharmacological treatment are 
called for in an effort to improve health and decrease CVD risk 
among persons with chronic SCI  [6, 7]. There is currently a 
lack of evidence-based clinical guidelines for evaluating risk 
markers for CVD in the SCI patient group. Also, it is not fully 
known whether general recommendations concerning physi-
cal activity as prevention for CVD are applicable or not on SCI 
patients [8, 9]. In the general population, apart from blood lipid 
and blood glucose analysis, Body Mass Index (BMI) and waist 
circumference (WC), as being risk markers, are measured and 
included in population-based health care programs  [10].

We have, in a previous study, discussed the value of BMI and 
different BMI cut-off levels as a predictor for CVD in a homoge-
neous SCI patient group. We concluded that BMI might have a 
limited value predicting the risk for CVD. The study on wheel-
chair dependent paraplegics showed that around 80% had DL 
regardless on BMI level  (11). Another study has also shown 
that BMI underestimates body fat in persons with SCI  (12). 
Also, a valid BMI value is difficult to obtain in SCI patients, as 
there is controversy regarding how to obtain a correct body 
height measure in a population where spinal deformities, joint 
contractures and vertebral body compressions are common  
[13].

WC and sagittal abdominal height (SAH) are other commonly 
used clinical measurements for assessing health risk associat-
ed with obesity. In the SCI patient group, both measures are 
using the cut-off limits for the general population  [14], some-
thing which has been problematized by other authors  [15]. In 
conclusion, there is a need for evaluating these clinical mea-
sures as risk markers for CVD in patients with SCI.

Aim

The aim of this study was to survey the incidence of clinical 
risk markers and its correlation with established clinical mea-
surements for CVD in a heterogeneous SCI patient population.

Methods

The Neurorehabilitation Ward at the University Hospital of 
Umeå is a specialist clinic for SCI patients living in northern 
Sweden. During a 2½ year period, between August 2012 and 
December 2014, all consecutive SCI patients were invited to 
participate in the study at their regular check-up. Seventy-eight 
of the 81 patients that were assessed during the period gave 
their informed written consent and were included in the study 
group. Data consisted of a standard physical examination, in-
cluding anthropometric measures, at the clinic, blood sam-
pling and a questionnaire. Time since injury was 1-53 years, 
neurological level of lesion was ranging from C4 to L3. Patient 
descriptors are presented in Table I.

 
Body weight was measured in kilograms on a calibrated scale. 
Body height was obtained by measuring with the patient lying 
supine on a bed, using a meter stock. BMI was then calculated  
[16].

Supine abdominal height (SAH) was measured in cm with a 
meter stock and a spirit level, with the patient lying on a bed, 
with the hips and knees in 90 degrees of flexion. The measure 
was done at the end of a normal expiration at the level of the 
umbilicus. A supine abdominal height <22cm for men and 
<20cm for women were considered normal, according to the 
cut-off limits used in the general population in Sweden  [14, 
17].

WC was measured in cm at the level of the umbilicus, using a 
stretch-resistant measuring tape with the subject lying supine  
[13]. An increased WC was defined as values exceeding one or 
both of two cut-off points. “The lower cut-off point was <94cm 
for men and <80cm for women. The higher cut-off point was 
<102cm for men and <88cm for women. The higher cut-off 
point was <102cm for men and <88cm for women. Values in 
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Table I. Patient descriptors of 78 patients with spinal cord injury, AIS-grade A, B, C or D for 
at least one year.

Variable Whole group 
(n=78)

Men (n=61) Women (n=17) p-value

Age, years, mean (SD) 50.2 (14.4) 50.9 (12.1) 47.6 (13.6) 0.380
Injury duration, years, 
mean (SD)

14.5 (12.5) 13.1 (12.1) 19.4 (13.0) 0.045

Tetraplegia/paraplegia
(%)

50.0/50.0 54.1/45.9 35.3/64.7 0.170

Wheelchair 
dependence (%)

70.5 70.5 70.6 0.994

AIS-grade (%) 0.578
A 64.0 65.6 58.8
B 2.5 1.6 5.9
C 2.5 1.6 5.9
D 31.0 31.1 29.4
Smokers 1 0 1

SD: standard deviation
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tween WD and NWD.” 

There were no significant differences in blood lipids, blood 
glucose and anthropometric data when comparing patients 
with tetraplegia and paraplegia.

A comparison between WD and NWD is shown in Table III.

 
Eighty-one percent of the patients had DL. BMI was signif-
icant-ly higher in patients with DL (25.5±4.6 vs. 24.4±9.1, 
p=0.041) but 28 patients out of 60 (46.7%) with DL had a BMI 
below 25. DL was correlated to abdominal measures above cut-
off lev-el, SAH 22/20cm (p=0.002), WC 94/80cm (p=0.001) 
and WC 102/88cm (p=0.033). Nevertheless, a majority of the 

excess of the lower cut-off point is considered to be associated 
with an “increased risk”, and values in the excess of the higher 
cut-off to be associated with a “substantially increased risk” of 
CVD  [10].

Blood glucose concentrations and a lipid panel [total cholester-
ol (TC), low-density lipoprotein cholesterol (LDL), high-densi-
ty lipoprotein cholesterol (HDL), low-density lipoprotein cho-
lesterol/ high-density lipoprotein cholesterol quota (LDL/HDL 
quota) and triglycerides (TG)] were quantified in whole blood 
drawn from a superficial vein following an overnight (mid-
night) fast and then analyzed.

“Dyslipidemia (DL) was defined as at least one pathological lip-
id level according to guidelines of the National Cholesterol Ed-
ucation Project – Adult Treatment Panel III [7] and/or ongoing 
drug treatment for DL. Cut-off levels were: TC≥5.0mmol/L, LD-
L≥3.0mmol/L, HDL≤1.0mmol/L (men) and HDL≤1.3mmol/L 
(women), LDL/HDL-quota≥5.0, TG>1.7mmol/L. The cut-off 
limit for blood glucose was ≥6.1mmol/L.

Systolic (SBP) and diastolic (DBP) blood pressure was mea-
sured in mmHg after 10 minutes of rest, recorded on the left 
arm with a calibrated manometer. Hypertension (HTN) was 
defined as SBP ≥140mmHg and/or a DBP ≥90mmHg [18]. 

Self-reported physical activity was registered using a ques-
tionnaire, adapted and tested for this population  [8,  19, 20]. 
The following characteristics were targeted: type(s) of physi-
cal activity; frequency, duration and intensity of activity. Our 
cut-off comprised a level of physical activity corresponding to 
a minimum of 30 min at least 5 days per week. Participants 
were dichotomized into two groups based on their self-report, 
either performing physical activity on a moderate and/or vig-
orous level ≥30 min per day at least five days per week, or not.

Data were analyzed by using IBM SPSS Statistics 22. Values 
are described as mean+SD. When analyzing the material, com-
parisons were made between men vs. women, patients with 
tetraplegia vs. paraplegia and wheelchair dependent (WD) 
patients vs. non-wheelchair dependent (NWD). Differences in 
numerical values were calculated using Mann-Whitney U-test, 
categorical differences were calculated using Chi-square test. 
A p-value <0.05 was considered significant.

The study was approved by the Central Ethical Review Board 
in Umeå, No 2012-252-31M.

Results

“A comparison between men and women is shown in Table 
1.There were no differences in basic characteristics between-
tetraplegics and paraplegics. WD were younger (48.0±13.9 
years vs. 55.4±14.3 years, p=0.033) and had a longer time 
since in-jury (17.0±13.1 years vs. 8.5±8.2, p=0.004) than NWD. 
There were no other differences in basic characteristics be-
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Table II. Serum lipids, blood glucose, hypertension, Body Mass Index (BMI) and 
anthropometric data in 78 patients with spinal cord injury.

Variable Whole group 
(n=78)

Men (n=61) Women (n=17) p-value

TC, mean (SD) 5.0 (1.0) 5.0 (1.0) 5.3 (1.0) 0.175
LDL, mean (SD) 3.3 (1.0) 3.2 (1.0) 3.4 (0.9) 0.468
HDL, mean (SD) 1.2 (0.3) 1.1 (0.3) 1.3 (0.3) 0.018
LDL/HDL 
quota, mean 
(SD)

3.0 (1.2) 3.0 (1.3) 2.8 (1.0) 0.450

TG, mean (SD) 1.4 (0.7) 1.4 (0.8) 1.2 (0.5) 0.358
Blood glucose, 
mean (SD)

5.3 (1.1) 5.3 (1.2) 5.1 (0.6) 0.903

HTN, % 38.5 39.3 35.3 0.761
BMI, mean (SD) 25.3 (5.9) 25.1 (4.5) 26.0 (9.6) 0.744
SAH, cm, mean 
(SD)

22.7 (3.5) 23.1 (3.3) 21.2 (3.8) 0.086

SAH below 
22/20cm, %

33.3 34.4 29.4 0.201

WC, cm, mean 
(SD)

96.2 (14.6) 97.8 (14.1) 90.4 (15.0) 0.059

WC below 
94/80cm, %

35.9 39.3 23.5 0.103

WC below 
102/88cm, %

62.8 65.6 52.9 0.091

SD: standard deviation, TC: total cholesterol, mmol/L, LDL: low-density lipoprotein cholesterol, mmol/L, HDL: 

high-density lipoprotein cholesterol, mmol/L, LDL/HDL quota: low-density lipoprotein cholesterol/ high-density

lipoprotein cholesterol quota, TG: triglycerides, mmol/L, SAH: sagittal abdominal height, WC: waist 

circumference
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Table III. Serum lipids, blood glucose, hypertension, Body Mass Index (BMI) and 
anthropometric data in wheelchair dependent and non-wheelchair dependent patients with 
spinal cord injury.

Variable Whole group
(n=78)

Wheelchair 
dependent

(n=55)

Non-
wheelchair 
dependent

(n=23)

p-value

TC, mean (SD) 5.0 (1.0) 5.1 (1.0) 5.0 (1.1) 0.801
LDL, mean (SD) 3.3 (1.0) 3.3 (1.0) 3.2 (1.0) 0.888
HDL, mean (SD) 1.2 (0.3) 1.1 (0.3) 1.2 (0.3) 0.162
LDL/HDL 
quota, mean 
(SD)

3.0 (1.2) 3.1 (1.2) 2.7 (1.2) 0.157

TG, mean (SD) 1.4 (0.7) 1.4 (0.7) 1.4 (0.9) 0.926
Blood glucose, 
mean (SD)

5.3 (1.1) 5.1 (0.8) 5.6 (1.6) 0.071

HTN, % 38.5 27.3 65.2 0.002
BMI 25.3 (5.9) 24.0 (4.6) 28.3 (7.6) 0.003
SAH, cm, 
mean (SD)

22.7 (3.5) 22.3 (3.9) 23.5 (2.2) 0.108

SAH below 
22/20cm, %

33.3 41.8 13 0.014

WC, cm, mean 
(SD)

96.2 (14.6) 94.7 (15.2) 99.8 (12.4) 0.140

WC below 
94/80cm, %

35.9 41.8 21.7 0.092

WC below 
102/88cm, %

62.8 63.6 60.9 0.818

SD: standard deviation, TC: total cholesterol, mmol/L, LDL: low-density lipoprotein cholesterol, mmol/L, HDL: 

high-density lipoprotein cholesterol, mmol/L, LDL/HDL quota: low-density lipoprotein cholesterol/ high-density

lipoprotein cholesterol quota, TG: triglycerides, mmol/L, SAH: sagittal abdominal height, WC: waist 

circumference

15 
 



patients with measures below the recommended cut-off val-
ues also had DL (Table IV).

“Nine patients (11.5%) were on medication for high serum 
lipids. TC and LDL was lower in patients with medication 
(4.4±0.77 vs. 5.1±1.02, p=0.021 and 2.6±0.85 vs. 3.4±0.96, 
p=0.029 respectively), but there was no difference in fre-
quen-cy of DL in patients with or without medication.

Patients on anti-diabetic medication (n=4) had a mean blood 
glucose value of 7.7±3.2, while the 74 patients without me-
di-cation had a mean blood glucose value of 5.1±0.7 (p=0.071).

Mean SBP was 126.7±22.2 and DBP was 77.4±10.4. There were 
no differences between men and women. Paraplegics had high-
er SBP than tetraplegics (133.7±16.7 vs. 119.7±24.8, p=0.003). 
NWD had both higher SBP (135.0±20.2 vs. 123.2±22.2, 
p=0.031) and DBP (80.9±10.1 vs. 76.0±19.3,p=0.039).

Fourteen patients (17.9%) were on hypertension medication, 
and they had higher SBP (145.9±20.8 vs. 122.5 ±20.2, p=0.000) 
and DBP (83.4±10.1 vs.76.1±10.0, p=0.009) than patients with 
no hypertension medication.” 

87.2% of the patients had one or more of the diagnoses 
screened in this study, i.e. DL, HTN, diabetes mellitus and over-
weight/obesity (BMI >25).

Self-reported physical activity above the cut-off level was re-
ported by 32.1% of the patients. No differences were seen 
between men/women, tetraplegia/paraplegia and WD/NWD 
concerning physical activity. There were no differences in se-
rum lipid values and blood glucose values, SBP, DBP or BMI 
between patients who reported to be physically active or not 
active. There was no correlation between physical activity and 
DL.

Discussion

This study indicates that a vast majority (81%) of the studied 
SCI patients with different injury and functional levels have 
DL. The mean values of BMI, SAH and WC are above the rec-
ommended cut-off levels for the general population in Sweden. 
Also, a majority of patients with values below the cut-off levels 
have DL. Similar results have been reported in a more homoge-

nous population of WD-patients with paraplegia  [11].

DL is often left untreated, or is left suboptimally treated in this 
study group. A similar conclusion was stated by Lieberman et 
al  [21], who found that undertreatment of high serum lipids 
is a major health challenge and that there is need to improve 
treatment and control of DL in the SCI population. Cragg et 
al  [22], state that clinicians should provide treatment of SCI 
patients DL in accordance with clinical practice recommen-
dations for similarly high-CVD-event-risk populations. In pa-
tients with SCI, there is a need for early and regular monitoring 
for CVD risk markers. As Myers et al  [23] states, SCI persons 
have an increased prevalence of almost all risk factors for CVD 
and therefore pose a major challenge for clinicians working 
with this patient group.

There are different recommended cut-off levels in the general 
population for both WC and SAH in different countries  [14]. 
Seidell et al  [24], state that WC shows a relation to increased 
all-cause mortality. However, data are lacking on appropriate 
cut-off measures of abdominal obesity for predicting risk of 
all-cause mortality in different ethnic and population groups, 
SCI included, other than European, North American and Aus-
tralian white populations. In a recent study, Ravensbergen et 
al  [15], have suggested a WC cut-off limit of 94cm in the SCI 
population, and that it is an examination that is easy to use 
and more sensitive than BMI. A limitation in that study is that 
the authors have suggested one cut-off limit for the entire SCI 
population, without having different cut-off limits for men and 
women. In our study a majority of the patients with normal 
WC values had DL, and WC might therefore not be an adequate 
predictor of CVD in this patient group. The same results were 
seen when measuring SAH.

In a previous study  [11] we have shown that BMI also has a 
limited clinical value when assessing risk for CVD, since a ma-
jority of the patients had DL independent of cut-off levels. Con-
clusively, the recommended clinical measures and cut-off lev-
els that are used for the general population to predict risks for 
CVD, might not be sufficient for this patient group. Because of 
muscle paralysis and contractures, techniques for measuring 
both WC and BMI in the SCI patient group differ compared to 
the general population, and cut-off levels seem not to be valid 
for evaluating health status. Also, to our knowledge there are 
no longitudinal studies on clinical measures and mortality in 
CVD in the SCI patient group, which makes it difficult to give 
recommendations to individual patients based on the clinical 
measures. Further studies are needed to evaluate what meth-
ods and measures that should be used to predict and prevent 
CVD in this patient group. Body weight and strength are of im-
portance for ADL and independence, but might have a limited 
value when assessing risk for CVD.

Our study group consisted of a heterogeneous SCI patient 
group with tetraplegia and paraplegia, as well as WD and NWD 
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Table IV. Frequency of dyslipidemia in SCI patients with anthropometric data below the 
recommended cut-off levels.  

Variables Whole 
group
(n=78)

Men/Women
(n=61/17)

Tetraplegia/Paraplegia 
(n=39/39)

WD/NWD 
(n=55/23)

Normal SAH, 
%

61.5 57.1/80.0 64.3/58.3 60.9/66.7

WC below 
94/80cm, %

60.7 58.3/75.0 60.0/61.5 56.5/80.0

WC below 
102/88cm, %

73.5 70.0/88.9 61.9/82.1 71.4/78.6

SAH: sagittal abdominal height, WC: waist circumference, WD: wheelchair dependent, NWD: non-wheelchair 

dependent

16 
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patients. One might have expected that the level and severity 
of SCI would affect the blood lipid values and anthropometric 
data, as well the level of physical activity. It could also be ex-
pected that less muscle mass and function might be related to 
a lower level of physical activity and poorer risk marker values. 
However, when comparing the groups, there were negligible 
differences concerning the studied variables, including the 
self-reported physical activity level, which was lower than in 
the general Swedish population, where about 65% reported to 
be physically active 30 minutes or more, at least 5 days per 
week  [25]. The 32.1% who reported to be physically active 
above cut-off level in this study, is in line with the results from 
our previous study on wheelchair dependent paraplegics  [8]. 
The reasons for not being regularly physically active might be 
the same for the SCI patients, regardless of injury level and be-
ing wheelchair dependent or not. Lack of interest, economic 
factors, transportation problems, pain etc. is perhaps equally 
existing problems for patients in this group and causes a low 
level of regular physical activity  [26, 27].

Different studies on SCI patients  [13,  28], have discussed 
the relevance and value of anthropometric measures. General 
cut-off levels may not be adequate. Also, generally used risk 
scores to predict future CVD risk, such as Framingham Risk 
Score  [29] has its limitations. Framingham Risk Score has, to 
our knowledge never been validated for use in persons with 
SCI. Among other measures, Framingham Risk Score is based 
on blood pressure and BMI, two values that are difficult to use 
and interpret on this patient group, due to autonomic dysfunc-
tions, contractures etc. Therefore, we have chosen to use DL as 
a main risk marker for CVD, which also might have limitations.

There is a high risk for CVD in the SCI patient group  [5, 24] 
and guidelines for the general population, such as the National 
Cholesterol Education Program (NCEP) might not be appropri-
ate for the SCI population  [30], something which is supported 
by the results from this study.

To get a better view over risk markers, treatment and preven-
tion strategies for CVD in this patient group, there is a need 
for longitudinal studies, as well as studies on different clinical  
methods, such as Dual-energy X-ray Absorptiometry (DXA), for 
developing clinical guidelines.

Conclusion

DL is common and seems to be not treated or undertreated 
in the studied SCI patient group with different neurological 
lesion and functional levels. General anthropometric clinical 
measures do not seem to be valid for evaluating risk for CVD in 
this patient group.
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