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Abstract

We investigated risk factors related to coronary artery disease (CAD) among individuals with long-term spinal
cord injury (SCI). Some researchers point out visceral fat obesity plays an important role in developing CAD due to
broad paralysis, extensive muscular atrophy and reduction in level of activity. We chose 22 males aged 61.8+ 10.4
years with SCI from two rehabilitation centers and conducted such examination as Holter electrocardiogram
(ECGQ), exercise tolerance tests and glucose tolerance tests, and biochemical tests to clarify the risk of CAD. Al-
though the average percent body fat was 21.4+ 2.9, the 75 g oral glucose tolerance tests revealed 12 of the 22 in-
dividuals (54.5%) had abnormal response. With exercise tolerance tests using an arm crank ergometer, 2 of them
showed ischemic patterns on ECG and were diagnosed with CAD, and in 4 out of 22 (18.2%) CAD was suspected in
the present study.

(JJOMT, 52 : 219—223, 2004)
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Objective

Individuals with spinal cord injury (SCI) tend to become obese, namely visceral fat obesity, due to broad paral-
ysis, extensive muscular atrophy and reduction in level of activity. Several researchers in Western countries have
pointed out coronary artery disease (CAD) as well as urinary tract disease as the first or second cause of death
among individuals with long-standing SCI"”®. According to our previous study” on individuals with SCI at Rosai re-
habilitation centers in Japan, we reported high prevalence of fatty liver and obesity accompanied by the accumula-
tion of visceral fat, and suggest that they have more risk factors than abled-man. Moreover, the prevalence of hy-
pertension and diabetes among individuals with SCI exceeded two or three times greater than that among general
population'”'”. Although individuals with SCI are shown to be at a greater risk of developing CAD, no marked dif-
ference was reported in the incidence of heart disease between these individuals and the general population'”. In
the present study, we visited two rehabilitation centers for SCI cases and conducted such tests as, exercise toler-
ance test and glucose tolerance tests, to examine the state of multiple risk factors of CAD.

Methods

Subjects were 22 men with SCI aged 61.8+ 10.4 years at two Rosai rehabilitation centers. All subjects were in-
formed the objectives and risks of the present study and consented to participate in this program. All individuals
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were using wheelchairs to get around and had kept independent lives. At these two centers, every patient per-
formed light duties for 4 to 7 hours a day, five days a week. Table 1 lists the spinal level of injury and table 2 shows
the average age years after injury, and CAD-related test results. Three individuals who were diagnosed as having
heart disease prior to the present study were excluded from the present study.

The percent body fat was measured by handgrip-type impedance meter HBF300 (OMRON). A glucose toler-
ance test was carried out according to the standard procedure for diagnosing of diabetes melitus (DM); each pa-
tient was given 75 g glucose orally and the blood glucose levels were monitored periodically after ingestion. Four
out of 22 individuals had been diagnosed with DM prior to the present study, the rest 18 individuals received this
screening. Test results were evaluated according to the 75 g OGTT criteria doccumented by the Japan Diabetes So-
ciety. Individuals were diagnosed as having insulin resistance when HOMA-IR (homeostasis model assessment-in-
sulin resistance: FIRI [u U/ml]x FPG [mM] /22.5)"" indicated 1.6 or over.

Electrocardiograph (ECG) was monitored at rest and during exercise testing, and the Holter ECG was also ap-
plied to individuals.

Exercise tolerance tests were performed using an arm crank ergometer (ACE). The protocol of these tests was
as follows. After asking each patient to relax in a wheelchair, the patient warmed up for 3 minutes at 0 watts, and

Table [0 Level of spinal cord injury in
22 persons with SCI

subjectl) n 0 220

n %
C-T5 3 136
T6-T10 6 273
T11-L1 11 50.0
L2- 2 91
Total 22 100

Note C : cervical vertebraed T : thoracic
vertebraeld L : lumbar vertebrae

Table[ O Average age, years after injury, and CAD related
tests in the subject] 22personsCand the remaining persons

with SCI
) subject] n=220
items
n mean [ SD

years after injury 18 240+ 123
age 22 618+ 104
height cm 22 160.1+ 6.9
weight kg 22 556+ 102
BMI 22 214+ 29
abdominal circumference cm 18 799+ 41
percent body fat % 22 214+ 29
Abdominal fat index] AFI0 18 12+ 05
VS raito 10 10+ 06
15-anhydroglucitol u g/dl 18 242+ 110
triglyceride mg/dl 18 1481+ 87.1
total cholesterol mg/dl 18 1981+ 354
HDL-cholestrol mg/dl 18 496+ 139

Note 10 AFI : By the use of abdominal ultrasound, along the
abdominal median line connecting the xiphoid process and the
navel, the maximum thickness of preperitioneal fatd PO and the
minimal thickness of the subcutaneous fat in the abdomial wallJ SO
were measured. Men with a P/S raito of 1 and adove are
considered obese from the accumulation of visceral. fat.

Note 2 00 VS raito : Based on navel cross-section CT scan, the area
of visceral fatd VO and subcutaneous fatl] SO was determined to
calculate a VS raito. Men with a VS raito of 04 and adove are
considered obese from the accumulation of visceral fat.
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the intensity of the exercise was then increased stepwise by 5 watts every 3 minutes. During the exercise test, the
pace of ACE pedaling was set at 40 rotations per minute. The exercise was stopped when one of the following three
conditions was observed. 1) The Borg index (rating of perceived exhaustion, RPE) reached at 16 (very strenuous),
2) onset of unpleasant subjective symptoms, or 3) abnormal ECG such as ST-segment deviation >3 mm or arrhyth-
mia. Blood pressure was measured at rest, immediately after the end of the exercise test, and 10 minutes after the
test.

In exercise testing, ECG with a chest CM5 lead was recorded. Then the state of CAD was assessed by analyz-
ing the results of exercise ECG; abnormal Q wave, abnormal ST-segment (ST-segment depression: horizontal-type,
descending-type and sagging descent-type) and abnormal T wave (crown T wave, flat T wave and negative T
wave).

Results

The average BMI for 22 individuals was 21.4, which is lower normal value, but the average percent body fat was
21.4%, which is borderline obesity.

The results of 75 g oral glucose tolerance tests were as follows: the average fasting blood glucose level 90.1+
1.75mg/dl (meanx SD), the average 1-hour glucose level 155.9+ 60.1 mg/dl and the average 2-hour glucose level
136.1%+ 74.1 mg/dl (Fig. 1). The results of these tests were normal in 10 individuals; borderline in 5 individuals and
positive (diabetes) in 3 individuals. Since four individuals were diagnosed as having abnormal glucose tolerance
prior to the present study, abnormal glucose tolerance was found in 12 of the 22 individuals (54.5%).

The results of exercise ECG showed ischemic patterns in 2 of the 22 individuals, and thus they were diagnosed
as having CAD. In two individuals, although Holter ECG suggested CAD, the results of exercise ECG were negative,
and two RBBB individuals were removed from the subsequent analyses. Since resting ECG showed an ST-segment
depression in two individuals, they underwent echocardiography at a later date.

The background factors of the two individuals diagnosed as having CAD were as follows. One patient was a 62
year-old man who had had diabetes for the past 18 years. Although his BMI and percent body fat were 22.8 and
17.7, respectively, the accumulation of visceral fat was noticeable, and a health screening using CT showed a vis-
ceral subcutaneous ratio of 0.8. This patient was diagnosed as having CAD for the first time during the present
study. The other patient was a 71 year-old man in whom resting ECG showed an ST-segment depression prior to
the present study, and he should have been monitored by ECG. He was diagnosed as having CAD during the pre-
sent study. Although his BMI and percent body fat were low at 19.1 kg/m” and 17.8%), respectively, and he did not
have hyperlipidemia, he had untreated hypertension (pre-exercise blood pressure: 172/96, immediately after the
exercise test: 172/99, 10 minutes after the exercise test: 163/96).

Discussion

In Western countries, CAD becomes leading cause of death among individuals with long-term SCI, with a de-
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Fig. 1 Oral glucose tolerance results (75 g) Results are expressed
as mean of 18 subjects. The continuous line and the broken line
express plasma glucose and insulin concertrations, respectively.
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W1 “and it has been report-

ed that these individuals are at a greater risk for developing CAD'". According to the study conducted by Maki'™",
the average BMI for individuals with SCI was 25.6, and since these individuals have paralysis-induced muscular at-
rophy of the legs, this number suggests that they tend to be obese. Bauman'” conducted GTTs and reported that

22% of individuals with SCI were diagnosed as having abnormal glucose tolerance according to WHO standards.

crease in genitourinary sepsis”””. Individuals with SCI often have glucose intolerance

Also, many cases have hyperinsulinemia, so insulin resistance could lead to the onset of dyslipidemia and hyper-
tension'” ¥
On the other hand, the percent body fat and BMI for our individuals were low, and thus they were not obese.
Despite low BMI and percent body fat, the rates of abnormal glucose metabolism (564.5%) and visceral fat accumu-
lation [abdominal fat index (AFI) of 1 or above] were high.
In the present study, 2 out of the 22 individuals (9% ) were diagnosed as having CAD, and a total of 6 individu-
als (27.3%) were either diagnosed with CAD or having suspected CAD. The prevalence of CAD is increasing among

individuals with SCI in Japan, but the pattern of multiple risk factors in Japan is different from that in other coun-

, causing them to have CAD as multiple risk factors.

tries. In other words, although BMI is low, the prevalence of abnormal glucose tolerance and visceral fat accumula-
tion is high. Furthermore, the prevalence of insulin resistance is relatively low, and the prevalence of complications

' reported that exercise-induced muscular contraction itself

such as diabetes and hypertension is also low. Ploug
contributes to glucose uptake. As a result, a lack of exercise has a negative impact on glucose tolerance. Also, a lack
of exercise could induce abnormal lipid and glucose metabolism, thus resulting in the accumulation of visceral fat.
Nakamura™ found that, even in the absence of obesity, accumulation of visceral fat has an important role in the
onset of CAD.

Since the fasting glucose level of many individuals with SCI is normal, it is difficult to detect abnormal glucose
tolerance by a health screening. As a result, including GTT and visceral fat measurement in health screenings could
be important for preventing CAD, a condition that is expected to be more common among individuals with SCI.
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