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p=0.284

Fig. 2 No corrclation was found between correct diagnosis rate and the number of complicating prevalent fractures. a Diagnosis vate when
divided mnto one of six groups. b Diagnosis rate when divided into one of two groups

(p<0.0001). Similar results were obtained even after
adjustment had been made for variation between the
examiners. However, this significant difference disap-
peared after age, body weight, and lumbar BMD had been
adjusted for. The same results were obtained in the incident
fracture group with prevalent fractures, but in this case a
significant difference was seen after correction in the
incident fracture group without prevalent fractures

The primary osteoporasis diagnostic criteria

Yoshida's classification

-

protruding type

L

indented type

g —
NN

g |

end pl i end plate
plate slippage type compression type

Fig. 3 The morphological classifications used were the primary
osteoporosis diagnostic cnteria of Genant [8] and Yoshida’s [9]
classification. Yoshida’s criteria is for incident fractures and
classified in four types as follows: protruding tvpe, the anterior
bone cortex disrupted protrudes anteriorly; indented type, the
anterior bone cortex disrupted indents posteriorly: end plate slippage
type, the anterior edge of the end plate disrupted displaces
anteriorly; end plate compression type, the center of the end plate
disrupted indents and depressed
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Yoshida's classification

When Yoshida’s classification was applied, the correct
diagnosis rate was high for intended and protruding types
of fractures (p<0.0001). The correct diagnosis rate was
significantly higher in the incident fracture group without
prevalent fractures even when there were morphological
changes (wedge, intended and protruding type) in the
anterior bone cortex. Conversely, the correct diagnosis rate
was low in the incident fracture group with prevalent
fractures, end plate compression and slippage type
fractures with no morphological changes in the anterior
bone cortex, and in “miscellaneous” cases that belonged to
no category and had almost no morphological change.

Odds ratios affected the rate of correct diagnosis

Gdds ratios (ORs) were investigated for factors that would
atfect the correct diagnosis rate, including age, body
weight, lumbar vertebrac BMD, and examiner ability. In an
overall investigation, age (OR=0.660), body weight

the correct diagnosis rate. A younger age and greater body
weight resulted in higher correct diagnosis rates, and
results were also affected by the examiner’s ability. None of
these factors had an effect in the non-incident fracture
group. Significant variation is seen in examiner’s ability in
Fig. 1, but not to the extent that results were affected
(p=0.0709). In the fracture groups, both body weight

results. This was also seen in the incident fracture group
without prevalent fractures alone, but in the incident
fracture group with prevalent fractures alone only lumbar
BMD had an effect (OR=1.574) (Table 4).

Discussion

The prevalence rate of spinal fracture is thought to be 117
people per 100,000 in the population [10], and the lifetime



Table 3 Diagnosis rate® according to the morphological classifications

Genant classification

Numbers Diagnosis rate — total
fracture group

Fracture type

Numbers Diagnosis rate — without
prevalent fractures

Numbers Diagnosis rate without
prevalent fractures

Wedge 22 40.90% 6 63.30% 16 32.50%

Crush 9 26.70% 3 53.30% 6 13.30%

Biconcave 17 24.70% 4 40.00% 13 20.00%

Other 40 18% 12 30% 28 12.80%

a® p<0.0001 p=0.0011 <0.0011

b »<0.0001

c p=0.9123 p=0.0455 p=0.9516

Yoshida’s classification

Fracture type  Numbers Diagnosis rate — total Numbers Diagnosis rate — without Numbers Diagnosis rate without
fracture group prevalent fractures prevalent fractures

End plate slip- 17 29.40% 7 45.71% 10 18.00%

page

Intended 8 46.70% 2 90.00% 6 40.00%

protruding 9 60% 4 80.00% 5 44.00%

End plate com- 6 10% 2 10% 4 10.00%

pression

Other 48 16.20% 10 22.91% 38 14.21%

a’ p<0.0001 p=0.0016 p=0.0173

b 2<0.0001

c p=0.4708 p=0.0455 p=0.6953

®The correct diagnosis rate was higher in the incident fracture group without prevalent fractures even when there were morphological
changes in the anterior bone cortex. In seven cases, we were unable to classify the morphology because of indistinctness
a, Unadjusted p value; b, p value adjusted with examiners; ¢ p value adjusted with age, weight, BMD and examiners

risk of spinal fracture in women over the age of 50 rises to
about 40% [11]. Vertebral body fractures result in pain and
functional restrictions, and provoke a marked decrease in
quality of life [12, 13]. Therefore, early prevention of
spinal fractures and accurate diagnosis and treatment are
crucial. There are various reports on the diagnosis of
incident spinal fracture [14], but a diagnostic gold standard
has yet to be established. Nearly all institutions first take
X-P images for patients presenting with lumbar pain.
However, it is difficult to determine from X-P images the
presence and location of incident fragility fractures in
elderly patients with osteoporosis at the time of injury; it is
even more difficult when the patient has prevalent
fractures. Furthermore, incident fractures are defined as
those vertebral bodies that show distinct morphologic
changes or osteosclerosis change on the follow-up X-P

images. Consequently, we usually cannot detect incident
fractures at the early stage of diagnosis.

With respect to the effectiveness of X-Ps for lumbar pain
disease in general. David et al. reported that 17.8% of
patients in an emergency department received unnecessary
lumbar X-Ps [15], while Khoo et al. reported that 90.5% of
AP views on X-Ps have no benefit and were effective only
in assessing the sacroiliac joint [16]. Thus, establishing a
diagnosis for flumbar pain is difficult with X-P alone, and
most cases require MRI. Many reports attest to the high
diagnostic accuracy of MRI, and it continues to be more
useful tool in diagnosing spinal fracture [4-6]. In MRI
images., fractures are defined so that an acute fracture
associated with hemorrhage and edema increases the focal
water content and thus increases the signal on T2-images.
With an osteoporotic fracture, the hemorrhage will be
organized and the edema will decrease, giving a low to

Table 4 Odds ratios of factors that would affect the correct diagnosis rate

Factors Total Non-incident fracture Total fracture group Without prevalent With prevalent
group fractures fractures
Odds ratio p value Odds ratio p value Odds ratio p value Odds ratio p value  Odds ratio p value
Age 0.66 <0.001 0.781 0.2817 1.053 0.7098 1.02 0.9291 1.254 0.1966
Body weight 2.082 <0.001 0.661 0.0876  2.206 <0.001 3.002 <0.0001 1.42 0.1303
Lumbar BMD 1.246 0.072 1.108 0.676 1.043 00.7873 0.65 0.0584 1.574 0.0478
Ability of the examiner - 0.0205 - 0.0709 - 0.0039 - 0.0349 - 0.1163

Results were affected by examiner ability, age and body weight
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intermediate signal intensity on T2-weighted images. It has
already been reported that femoral neck fractures cannot be
judged on X-P images and that MRI diagnosis is useful in
cases of oceult fracture. Pandey et al. reported that fractures
are not discovered on X-P images and that even on MRI
images, 30% show no fracture [17], while Rizzo et al
reported that occult fractures were detected on MR1in 36 of
62 patients (58%) [15].

With respect to spinal disease as well, Nakano et al.
investigated the diagnostic accuracy of MRI for incident
vertebral fractures. They took vertebral bodies showing
signs of crush and bone sclerosis on follow-up X-P images
to indicate true incident fractures and reported that the
diagnostic sensitivity and specificity of MRI were 99.0%
and 98.7 %, respectively [19, 20]. They also reported that
based on diagnosis with MRI it was possible to diagnose
with precision a fracture in the early period of onset. In
addition, Kanchiku et al. reported that the diagnostic rate of
the fractured vertebral body was 98% by MRI, which was
higher than the 87% for plain radiography (7=0.006): in
patients for whom no posterior wall injury was seen on X-P
imaging at the time of the injury, intraspinal protrusion of
the posterior wall of the vertebral body was diagnosed in
37% using MRI [21]. Eugene et al. reported that twice as
many spinal diseases were detected when using MRI as
when diagnosis was made from X-P imaging [2]. Thus,
MR1is considered to be reliable in the diagnosis of incident
fragility fracture. However, this high diagnostic accuracy
also gives rise to some problems. Rupp et al. reported that
in distinguishing between tumor and compression fracture
on MRI images, compression fracture can only be
diagnosed in those patients that have completely main-
tained normal marrow within the vertebrae and that it is
difficult to make a distinction, due to changes in contrast
effect and intensity, over multiple vertebrae or invasion to
the posterior vertebral body wall [22]. In addition, Cuenod
et al. reported that at 2 months after a spinal fracture is
sustained, changes in brightness on MRI images have
completely retumed to nommal in only 13% of the cases
[23], indicating the possibility that old fractures can be
mistaken for incident fractures. Equipment limitations at
some institutions and economic problems make it im-
possible to conduct MRI with all patients. Jefferey et al.
compared MRI in the acute phase of lumbar pain with X-P
over the clinical course and concluded that no cost benefit
was achieved [24]. Thus, several problems are also
encountered with the use of MRI in diagnosis.

Based on all of the points raised above, we re-examined
X-P diagnosis and investigated whether the correct diag-
nosis rate with X-P in the initial examination could be
improved. To our knowledge, this type of comparison has
not been camried out to date, however, a search of the
literature has revealed that various data sets are available on
diagnosis rates for incident fractures with X-P. In a
comparison of local and central readings, Pierre et al.
reported a correct diagnosis rate of 95% in the non-fracture
group and 66% in the fracture group [25]. Hachiya et al.
reported a correct diagnosis rate of 43%, false positives in
41% of the cases. and false negatives in 16% [26]. Nakano
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et al. reported a correct diagnosis rate of 51.5% [27], while
Kanchiku et al. reported a high correct diagnosis rate of
87% [21]. However, factors such as unspecified measure-
ment conditions, a small number of examiners, or non-
uniform skill levels of examiners in these studies make
them inadequate for the establishment of a correct diagno-
sis rate.

In the present study, a strict diagnosis was made together
with radiologists, the ability of five orthopedists to interpret
X-Ps was determined in advance to be uniform, and three
groups were compared, The results of this analysis showed
the correct diagnosis rate to be 51.5%, which did not differ
greatly from the reports of previous investigators. Howev-
er, the mean correct diagnosis rate for incident vertebral
fracture group was 24.8%, and it was even lower — 16.8% —
in the group with prevalent fractures. The correct diagnosis
rate decreased in order of non-incident fracture group
(highest), the incident fracture group without prevalent
fractures, and the incident fracture group with prevalent
fractures (lowest), a result which demonstrates anew the
difficulty of diagnosing the location of fractures in the daily
clinical setting. Moreover, after correcting for various
factors, we found that there was a significant inter-
examiner variation in all groups. This seems to indicate
that the ability of an examiner to interpret radiographs is
reflected in the correct diagnosis rate. In an examination
based on the number of prevalent fractures, the correct
diagnosis rate did not drop as the number of prevalent
fractures increased, and no correlation was found, This
finding that the number of prevalent fractures does not
exert an effect is intriguing. Thus, even with prevalent
fractures over multiple vertebrae, it is assumed that with
diligence, incident fractures can be detected.

The previously mentioned criteria of Genant et al. were
used in the analysis by morphological classification [8].
These criteria are comumonly used in the diagnosis of
osteoporotic vertebral body fractures. However, 45.5% of
the cases in our study did not fit any type in these
classifications, bringing some doubt to the judgments that
have been made to date. We therefore conducied the
investigation using these criteria in conjunction with
Yoshida’s classifications [9]. A high correct diagnosis
rate was obtained for wedge type fractures with the
diagnostic criteria for primary osteoporosis, and for
protruding and indented type fractures with Yoshida’s
criteria; however, the correct diagnosis rate was low with
the remaining types of fractures. Thus, a key to raising the
correct diagnosis rate for incident fragility fractures may be
to focus sufficient attention on morphological changes in
the anterior bone cortex when diagnosing from X-P
images.

In this investigation of factors influencing the correct
diagnosis rate of osteoporotic vertebral body fractures, we
found age, body weight, and examiner ability had an
overall effect. The negative correlation seen with age, in
which the correct diagnosis rate decreased as age increased,
and the decrease in the correct diagnosis rate with lower
body weight are understandable, but the finding that BMD
did not exert an effect was intriguing. Moreover, the



finding that the ability of the examiner to interpret
radiographs was reflected in the correct diagnosis rate
indicates the importance of confinuing efforts to improve
ability,

Several points remain for future study, including the
facts that the present study was a retrospective study and
that the diagnosis was made without guestioning the
patients or pathological findings. Based on the results
presented here. an investigation of how repeat readings will
change the correct diagnosis rate should also be made. In
any case. the finding that the comrect diagnosis rate was
low, even when made by orthopedists experienced in
reading radiographs, is a finding that should be taken into
consideration in the normal diagnosis of incident spinal
fragility fractures with X-Ps only, and may be important in
identifying keys for the development of new diagnostic
criteria and more accurate diagnoses. The present study
indicates the importance of not only improving the ability
of examiners to interpret radiographs but also of the
attention that should be paid to morphological changes in
the anterior bone cortex during examinations.
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Abstract We investigated whether regular aerobic
exercise could affect plasma total homocysteine
(tHcy), and whether there were sex-related or racial
differences in tHcy changes. Data were available for
816 black and white men and women, aged 17-65
years, 711 of whom completed a 20 week aerobic
exercise training program. The tHcy concentration
was measured in frozen plasma samples by an HPLC
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method. In Blacks, tHey did not change with exercise
training [men -0.5 (SD 3.7) umol/l, women 0.0
(2.2) pmol/l) but increased significantly in Whites
(men +0.3 (1.7) pmol/l, women +0.2 (1.6) pmoi/l).
No sex-related differences were found in either
racial group. Changes in tHcy correlated negatively
with baseline homocysteine (r = —0.40, P < 0.0001).
Homocysteine levels of the “High” (hyperhomocy-
steinemia) (=15 pmol/l) group (n = 30) decreased sig-
nificantly with regular aerobic exercise from 23.1
(12.1) to 19.6 (7.6) pmol/l. Homocysteine levels of the
“Normal” group increased slightly from 8.2 £2.2 to
8.5 £ 2.4 uymoV/l. Men exhibit racial differences for
tHcy responses to exercise training. Regular aerobic
exercise has favorable effects on individuals with
hyperhomocysteinemia, but tHcy slightly increased in
individuals within the normal range.

Keywords Aerobic exercise training - Sex -
Homocysteine - Hyperhomocysteinemia -
Racial differences

Introduction

Elevated plasma total homocysteine concentrations
(tHcy) are thought to contribute to atherosclerosis and
thrombosis in several ways: (a) endothelial cell injury
and endothelial dysfunction, (b) increased vascular
smooth muscle cell growth, (c) increased platelet adhe-
siveness, (d) enhanced low density lipoprotein oxida-
tion and deposition in the arterial wall, and (e) direct
activation of the coagulation cascade (Fonseca et al.
1999). Epidemiological studies have shown that ele-
vated tHcy are independently associated with an
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increased risk of coronary artery disease (Langman
et al. 2000; Ridker et al. 1999). Further, several obser-
vational studies have found that lowering tHcy was
associated with reduced incidence of heart attack and
strokes (Homocysteine Studies Collaboration 2002;
Boushey et al. 1995; Schnyder et al. 2001).

Little information is available on the effect of exer-
cise on tHecy. Although a few studies on endurance
trained men (Konig et al. 2003) and untrained young
women (De Cree et al. 1999) have shown that a single
bout of intensive exercise acutely increased tHcey, long-
term (6 months) regular exercise may be associated
with a reduction in tHcy in young overweight and
obese women (Randeva etal. 2002). These studies
were, however, too small to provide conclusive evi-
dence for an effect of regular exercise on tHcy.

An epidemiological study (Ganji and Kafai 2003)
showed that both sex and race were important predic-
tors of tHcy. The difference in tHcy between men and
women was explained by alcohol consumption and
blood concentrations of folate, vitamin B,, (cyanoco-
balamin), creatinine and cotinine. On the other hand,
racial differences are thought to be partly accounted
for variation in allele frequency at the methylenetetra-
hydrofolate reductase gene (Cappuccio et al. 2002). To
our knowledge, no data have been reported on race or
sex differences for the changes in tHcy in response to
exercise training. Therefore, the purpose of this study
was to investigate the effects of relatively long-term
regular exercise on tHcy in a large sample of black and
white men and women.

Methods
Subjects

The HERITAGE Family Study was designed to define
the role of the genotype in cardiovascular, metabolic
and hormonal responses to aerobic exercise training.
The aim, design and measurement protocol of the
HERITAGE Family Study has been previously
described in details elsewhere (Bouchard et al. 19953).
The present study is based on baseline data from 816
sedentary subjects, who were recruited and studied at
four clinical centers. They came from families that
included parents (aged <65 years) and adult offspring
(aged >17 years). They were required to be sedentary
at baseline, with a body mass index (BMI) <40 kg/m? (a
few cases with BMI >40 kg/m? were included with
sufficient clinical justification), resting systolic blood
pressure <160 mm Hg, resting diastolic blood pressure
<100 mm Hg, plasma total cholesterol <350 mg/dl, and
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fasting plasma triglycerides <500 mg/dl. Subjects who
had renal, hepatic or cardiac disease, were diabetic, or
had hypothyroidism, or were being treated with lipid-
lowering, hypertensive or hypoglycemic drugs were
excluded. The study relies also on data from the
response to a 20 week aerobic exercise training pro-
gram in 730 subjects (90 black men, 159 black women
including 18 post-menopausal and 46 who were taking
hormones, 236 white men, and 245 white women
including 45 post-menopausal and 105 who were taking
hormones). The study protocol was approved by the
Institutional Review Board at each clinical center. The
aim and design of the study were explained to all sub-
jects before they gave written informed consent.

Measures

Body weight, height, waist and hip circumferences
were measured according to standardized procedures
(Wilmore et al. 1997), and BMI was calculated as body
weight (kg) divided by height (m?). Body composition
(fat mass and fat free mass) was estimated using the
hydrostatic weighing technique. Details of the protocol
of the hydrostatic weighing technique and body com-
position estimation are provided elsewhere (Wilmore
et al. 1997).

Resting BP was measured using Colin STBP-780
automated units before 11 AM in the post-absorptive
state (Rankinen et al. 2000). Subjects were asked to
abstain from caffeine-containing or tobacco products
for 2h before measurements were made. Subjects
rested for 5 min before the initial measurement. Blood
samples were obtained after a 12 h fast. Cholesterol
was determined in plasma by enzymatic methods
(Despres et al. 2000).

The tHcy (the sum of homocysteine, homocystine,
and homocysteine~cysteine mixed disulfides, free and
protein bound) were measured in frozen plasma sam-
ples (=70°C) by an HPLC method (Durand et al.
1996). The intra- and inter-assay coefficients of varia-
tion for tHcy are 3.0% (n=12) and 3.3% (n=50),
respectively. Plasma folate and vitamin B,, concentra-
tions were determined by means of radioimmunoassay
using a commercial kit (SimulTRAC-SNB_B,,/Folate,
ICN Diagnostics, Orangeburg, NY). The intra- and
inter-assay coefficients of variation are 6.3% (n = 20)
and 10.3% (n = 14), respectively, for folate, and 4.9%
(n=20) and 4.3% (n=14), respectively, for vitamin
By,. Plasma vitamin By (pyridoxal phosphate) concen-
trations were also determined by means of a radioim-
munoassay using a commercial kit (Vitamin B, (H)
REA, American Laboratory Products Company,
Windham, NH). The intra- and inter-assay coeflicients
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of variation for vitamin B¢ are 4.6% (n = 9) and 10.2%
(n = 8), respectively.

Progressive maximal exercise tests to exhaustion
were conducted both before and after the exercise
training program on a stationary cycle ergometer
(Ergo-Metrics 8008, SensorMedics, Yorba Linda, CA)
connected to a SensorMedics 2900 metabolic cart.

Exercise training protocols

Each subject was trained three sessions per week for
20 weeks on stationary cycle ergometers that were
computer controlled to automatically maintain the par-
ticipant’s target heart rates corresponding to heart
rates associated with fixed percentages of the baseline
VO,max test (Skinner etal. 2000). The intensity and
duration of the training program was adjusted each
2 weeks. Training began at a heart rate corresponding
to 55% of each subject’s baseline VO, for 30 min
per session and progressed to an intensity of 75% for
50 min during the last 6 weeks. All training sessions
were supervised on site.

Subjects were asked not to change their eating
patterns (meals and supplement use) during the inter-
vention period.

Statistical analysis

General linear model analyses were used to test for
differences between men and women as well as
between the two ethnic groups. Paired t-tests were
used to assess differences between variables before and
after the exercise training program. Multiple regres-
sion analyses with the forward stepwise method were
performed to estimate the independent contributions
of age, sex, race, menopausal status, taking hormones,

BMI, waist circumference, body composition, VO,,,,
resting blood pressure, plasma levels of cholesterol,
folate, vitamin B¢ and vitamin By, to the variations in
tHcy at baseline and changes in tHcy in response to
aerobic exercise training. The relationship between
two measurements was assessed by Pearson and Spear-
man rank correlation coefficients. Based on a position
statement of the American Heart Association, we clas-
sified subjects into two groups: subjects with tHey in
the normal range (<15 umol/l, “Normal” group) and
subjects with elevated levels or hyperhomocysteinemia
(=15 umol/l, “High” group) (Malinow etal. 1999).
Probability values below 0.05 were regarded as signifi-
cant. The data were analyzed with the Statistical Anal-
ysis System (SAS), version 9.1.

Results

Physical and biochemical characteristics of subjects at
baseline are presented in Table 1 (n = 816). Detailed
values of anthropometric and body composition mea-
surements (Wilmore et al. 1997), resting blood pres-
sure (Rankinen et al. 2000), and plasma lipids (Despres
etal. 2000) were presented in previous reports. The
tHcy levels were higher in men in both ethnic groups,
and were higher in Blacks in both sexes.

For the whole sample (n = 711), the mean change in
tHecy was only +0.1 pmoll from baseline (8.8 %
4.4 pmol/l) to post-exercise training (8.9 - 3.6 pmol/l)
(P =0.096). Table 2 shows that tHcy did not change in
Blacks but increased significantly in Whites, Vitamin
B¢ remained unchanged, whereas vitamin B12
decreased significantly in all groups. Folate increased
significantly in black men only. When the changes were
compared between the two ethnic groups, we found a

Table 1 Comparison of baseline data between men and women, and between Blacks and Whites

Blacks Whites Race difference

Women Men Women Men Women Men

(n=191) (n=111) (n =260) (n=254)
Age (years) 33.0(11.4) 32.9(12.3) 35.1 (14.1) 36.2 (14.9) 0.089 0.028
Height (m) 1.62 (6.6) 1.76 (6.7)* 1.64 (6.4) 1.78 (6.3)* 0.041 0.01
Weight (kg) 74.4 (17.9) 84.6 (18.6)* 67.2 (13.6) 84.4 (16.2)* <0.0001 0.907
BMI (kg/m?) 282 (6.5) 27.4 (5.6) 25.1 (5.0) 26.7 (4.9) <0.0001 0.218
Homocysteine (pmol/l) 8.5(4.2) 11.0 (7.2 7.7 2.7 9.4 (3.7)° 0.01 0.004
Folate (nmol/l) 12.0 (8.3) 12.0 (8.5) 16.6 (15.0) 14.1 (10.3) 0.001 0.034
Vitamin B (nmol/1) 40.6 (38.0) 64.9 (59.4) 56.2 (63.0) 60.9 (51.9)* 0.0001 0.763
Vitamin By, (nmol/l) 332 (153) 328 (183) 286 (144) 289 (112) 0.0004 0.099
VO, 0y (mi/min) 1,753 (365) 2,758 (490)* 1,912 (347) 3,026 (582)? <0.0001 <0.0001

Data are expressed as mean (SD)
BMI body mass index, VO,,,,, maximal oxygen uptake
2 P < 0.001 significantly different from women

@ Springer

163



Eur J Appl Physiol (2006) 98:394-401 397
Table 2 Comparison of changes in measurements between men and women, and between Blacks and Whites

Blacks Whites Race difference

Women Men Women Men Women Men

(n=151) (n=287) (n=243) (n=230) P-value P-value
Weight (kg) ~04 (2.9 —0.8 (3.1)* -0.1(2.1) —0.3 (2.1) 0.224 0.252
BMI (kg/m?) -0.2(1.1) -0.2 (0.9)* —-0.0 (0.8) -0.1 (0.7)* 0.279 0.376
Homocysteine (umol/l) +0.0 (2.3) -0.5(3.8) +0.2 (1.6)° +0.3 (1.7)* 0.407 0.04
Folate (nmol/) +0.9 (9.6) +2.8(7.9)* ~0.7 (9.0) -0.3 (6.9) 0.111 0.003
Vitamin B¢ (nmol/l) +3.3 (27.6) +12.2 (76.2) -1.5(62.2) +6.6 (64.7) 0.299 0.521
Vitamin By, (nmol/l) -17 (71 —14 (79)* -23 (62)* —18 (68)* 0.404 0.306
VO, (ml/min) +336 (151)® +411 (201)%° +349 (183) +450 (236)™° 0.447 0.185

Data are expressed as mean (SD)

BMI body mass index, VO,,,, = maximal oxygen uptake
* Training response (post-pre) P < 0.05

® P <0.01 significantly different from women

significant difference in males for folate and homocy-
steine. No sex difference was found for any of the vari-
ables. After exercise training, the mean (SD) values of
tHey were 8.6 (3.4) umol/l1 for black women, 10.8
(5.4) pmol/l for black men, 8.0 (2.4) umol/l for white
women, and 9.6 (3.4) pmol/l for white men. Sex and
racial differences were identical to those at baseline.

We quantified the independent contributions of the
variables considered here to the variance in tHcy. At
baseline (Table 3), folate was the best predictor of
tHcy in both sexes, and both races. Age, ethnicity and
vitamin B, were also significant predictors of tHcy.
When exercise training induced changes in tHcy were
used as the dependent variable, baseline homocysteine
levels, and changes in folate were the strongest predic-
tors in the whole sample as well as in the sex and race
subgroups (Table 3). Although VO, .. was not
selected as a significant predictor, increases in VO,,,
tended to associate with decreases in tHey (P = 0.06) in
the whole sample.

Figure 1 illustrates the relationship between base-
line tHey and change in tHcy in response to exercise
training, Changes in tHcy were negatively correlated
with baseline tHcy (Pearson correlation coefficient
=—0.40, P<0.0001 and Spearman rank correlation
coefficient = —0.25, P < 0.0001).

Figure 2 displays individual tHcy data for the High
group (n=30) at baseline and after training. Mean
values of tHcy decreased from 23.1 (SD 12.1) umol/l to
19.6 (7.6) pmol/l (P = 0.01). After training, 21 (70%)
individuals (3 black women, 9 black men, 3 white
women, and 6 white men) decreased their tHcy. Eight
of the 21 individuals decreased their tHcy to less than
15 pmol/l. On the other hand, in the Normal group
(n =681), only 8 (1%) individuals (2 black women, 3
black men, 1 white women, and 2 white men) increased
their tHcy to more than 15 pmol/l. The Normal group

had a statistically significant increase in tHcy from 8.2
(2.2) pmol/l to 8.5 (2.4) pmol/l (P < 0.0001).

Figure 3 compares tHcy changes between the
Normal and High groups. A significant (P < 0.0001)
difference was observed between the Normal [+0.3
(1.5) pmol/l] and High [-3.5 (7.0) umol/l] groups for
the tHcy response to exercise training. The difference
was still found after adjustment for age, sex, race and
baseline tHcy (P = 0.0028). Folate levels increased sig-
nificantly (+1.1 & 3.0 nmol/l, P < 0.05) during the exer-
cise training in the High group but remained
unchanged in the Normal group. Vitamin B, levels did
not change in the High group but decreased signifi-
cantly (—16.5 + 97.8 pmol/l, P < 0.0001) in the Normal
group.

Discussion

We found that the 20 week aerobic exercise training
program reduced significantly tHcy (-3.5 umol/,
P=0.01) in those with elevated tHcy at baseline.
Moreover, a significant difference in tHcy changes
remained between the Normal and High groups even
after adjustment for age, sex, race and baseline tHcy
(P =0.0028). Boushey et al. (1995) have reported that
about 10% of the population’s coronary artery disease
risk was attributable to tHcy, and Ueland et al. (2000)
found that an increase of 5 pmol/l in tHey could be
associated with a 20% increased risk of cardiovascular
disease. Schnyder etal. (2001) found that lowering
tHcy from 11.1 to 7.2 pmol/l reduced significantly the
rate of coronary restenosis after angioplasty and
decreased the incidence of major adverse cardiac
events. In a more recent study, lowering tHcy by 25%
(3 umol/l) was associated with an 11% lower ischemic
heart disease and 19% lower stroke risk (Homocysteine
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Table 3 Results of multiple regression analysis

Independent Homocysteine at baseline Independent Homocysteine training response
variable - variable
Beta F P Partial R®* Model R? Beta F P Partial R* Model R

[All]

Folate —0.18 1181 <0.0001 14.2 14.2 B_homocysteine —5.36 728 <0.0001 10.5 10.5

Sex® —~0.1 774 <0.0001 84 22.6 AFolate -0.04 215 <0.0001 3.0 135

Age 0.002 73.8 <0.0001 73 29.9 Age 0.02 7.9  0.005 1.1 14.6

B, -0.17 449 <0.0001 42 34.1 B_folate -0.78 89 0003 12 15.8

Race® -0.04 186 <0.0001 1.7 35.8 B_VO,0.x 0.0004 114 0.0008 1.5 17.3
AB12 -0.002 45 0036 06 17.9
B_B6 -0.004 44 0036 0.6 18.5

[Male}

Folate -023 656 <0.0001 16.7 16.7 B_homocysteine —5.9 444 <0.0001 134 13.4

Age 0.002 483 <0.0001 108 27.5 AFolate —-0.05 153 0.0001 4.4 17.8

By, -0.16 146  0.0002 3.1 30.6 AB12 —-0.004 57 0018 1.6 19.4

Race -0.05 134  0.0003 2.8 334 Age 0.03 41 0044 12 20.6

Fat% 0.002 86 0.004 17 35.1 B_VO,ax 0.0006 59 0015 1.6 222
B_folate ~0.9 51 0.025 14 23.6

[Female]

Folate —0.15 60.3 <0.0001 13.6 13.6 B_homocysteine —4.61 322 <0.0001 8.9 8.9

B, ~0.18 359 <0.0001 74 21.0 AFolate -0.03 89 0003 24 11.3

Age 0.002 221 <0.0001 43 25.3 B_B6 —0.84 62 0013 16 12.9

Race —0.03 68 0009 1.3 26.6 AB6 -0.003 49 0028 13 14.2
Age 0.02 53 0.021 14 15.6

[Blacks]

Folate —-0.26 509 <0.0001 17.4 17.4 B_homocysteine —8.0 61.0 <0.0001 25.0 25.0

Sex -0.17 343 0.0001 103 277 AFolate -0.05 84 0004 33 28.3

Age 0.002 219 0.0027 6.0 337 AB6 -0.006 54 0021 21 30.4

By, -017 146 0009 3.8 375

Cholesterol 0.02 42 0.041 1.1 38.6

[Whites]

Folate —0.16 662 <0.0001 12.4 124 B_homocysteine —0.03 42.0 <0.0001 838 8.8

Age 0.002 61.3 <0.0001 10.2 22,6 AFolate 102 0.0015 21 10.9

Sex —-0.07 450 <0.0001 6.8 29.4 Sex 92 00026 1.8 12.7

By, ~017 422 <0.0001 59 353 B_B6 98 0.0019 19 14.6

RestingDBP  0.002 7.0  0.008 1.0 362 B_folate 68 0009 13 16.0
Age 121 0.0006 2.3 18.3
AB6 44 0036 08 19.1

2 1 =men, 2 = women
b 1 = blacks, 2 = whites

Studies Collaboration 2002). Therefore, our observation
that tHey can be lowered by regular exercise in those
with high levels is coherent with a number of studies
indicating that it may reduce significantly the risk of
events in individuals with hyperhomocysteinemia.

Sex difference

The tHcy concentrations are known to be higher in
men than in women (Ganji and Kafai 2003; Carmel
et al. 1999; Fukagawa et al. 2000; Lussier-Cacan et al.
1996; Morris etal. 2000; Nygard etal. 1995). Ganji
et al. (2003) and Carmel et al. (1999) found that the
sex-related difference could be explained by alcohol
consumption, and concentrations of plasma folate,
vitamin B,,, creatinine and cotinine. Folic acid and
vitamin B;, are involved as co-factors in metabolic
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pathways catalyzed by the enzymes 16,2methylenetet-
rahydrofolate reductase and methionine synthase,
respectively, whereas vitamin By is a cofactor for cysta-
thionine beta synthase (Kang et al. 1992). A number
of studies have shown inverse relationships of tHcy
with plasma/serum levels of folate, vitamin By and
vitamin B;, (Robinson et al. 1998; Selhub et al. 1993).
Moreover, differences in rates of homocysteine
remethylation (Fukagawa etal. 2000) and estrogen
concentrations (Morris et al. 2000) may also contribute
to the homocysteine sex dimorphism. Remethylation is
one of the major pathways for homocysteine metabo-
lism. In remethylation, homocysteine is salvaged by
acquisition of a methyl group from N°-methyl-tetrahy-
drofolate in a vitamin B,, dependent pathway or from
betaine in a pathway occurring primarily in the liver
(McKeever etal. 1991). Fukagawa et al. (2000) and
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Change in plasma total
homocysteine (Lmol/L)

20 40 60
Plasma total homocysteine at baseline (Lmol/L)

Fig. 1 Association between baseline homocysteine and regu-
lar exercise-induced changes in homocysteine. Pearson correla-
tion coefficient=-0.40 (P <0.0001), Spearman correlation
coefficient = —0.25 (P < 0.0001)

pwmol/L
807

Plasma total homocysteine

P =0.008

Baseline Post exercise training

Fig. 2 Plasma total homocysteine levels in the High group at
baseline and post-exercise training. Vertical lines indicate means
(filled circle) and SD

McKeever et al. (1991) found that the remethylation
rate was significantly higher in women than in men. They
concluded that the sex-related difference is partially
explained by homocysteine remethylation rates. Morris
et al. (2000) found that higher estrogen concentrations
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Fig. 3 Comparison of changes in plasma homocysteine levels
between the “Normal” and “High” groups. Data are expressed as
means + SEM. *P < 0.01, within group difference (pre vs post)

are associated with lower tHcy, independent of nutri-
tional status and muscle mass.

In the Hordaland Homocysteine Study (Nygard
etal. 1995), tHey levels were 19% higher in men
(10.8 umol/l) than in women (9.1 pmol/l) in middle age
participants but only 11% (men 12.3 pmol/l and
women 11.0 pmol/l) in elderly subjects. Although our
data also indicated that baseline tHcy was higher in
men than in women, there was no difference in exer-
cise-induced changes in tHcy between men and
women.

Racial differences

Several studies (Carmel et al. 1999; Ganji and Kafai
2003; Morris et al. 2000) have reported that Whites
have 7-8% higher tHcy than Blacks. For instance,
Ganji and Kafai (2003) found that tHcy was 8% higher
in Whites (10.4 pmol/l) than in Blacks (9.6 pmol/l).
Carmel et al. (1999) speculated that the higher tHcy in
Whites might be explained by their lower vitamin B,
status compared with Blacks. On the other hand, the
third National Health and Nutrition Survey in the
United States (Jacques etal. 1999) found no racial
difference in tHcy.

The present study indicates that baseline homocy-
steine levels were higher in Blacks than in Whites, and
differences were also found for the training changes in
homocysteine levels between Black and White men.
Several investigators have reported that folate and
vitamin B, were predictors of blood homocysteine
concentrations (Koehler et al. 2001; Morris et al. 2000).
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Using multiple regression analyses, folate was found to
be the strongest predictor of homocysteine in the pres-
ent study. Our results also showed that folate levels
were higher in Whites than in Blacks although vitamin
B, levels were higher in Blacks.

The present study has some limitations. First, since
the primary goal of the HERITAGE Family Study is to
study the role of genotype in the responsiveness to reg-
ular exercise, a control group was not deemed neces-
sary. Second, subjects were asked not to change their
eating patterns during the 20 week intervention period,
but we have no direct assessments of folic acid, vitamin
B¢ and By, intakes over the duration of the exercise
protocol.

In summary, we have examined the effects of exer-
cise training on tHcy concentrations in both sexes and
in Blacks and Whites. Baseline tHcy is higher in men
than in women, consistent with previous studies. How-
ever, no difference between men and women was
found for the changes in tHcy levels as a result of regu-
lar exercise. Baseline tHcy was higher in Blacks than in
Whites, and in men, differences were also found for the
changes in tHcy between the two ethnic groups.
Twenty weeks of regular exercise reduced tHcy in indi-
viduals with baseline hyperhomocysteinemia, although
tHey slightly increased in individuals who were in the
normal range of tHcy at baseline.
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A novel exercise for improving
lower-extremity functional fitness in the elderly
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ABSTRACT. Background and aims: Many falls in the
elderly are caused by tripping. After tripping, a certain
level of lower-extremity functional fitness is neces-
sary, in order to make protective responses and to
avoid falling. The purpose of this study was to test
whether our new exercise program (a square-stepping
exercise: SSE) would improve lower-extremity func-
tional fitness in the elderly. Methods: Fifty-two indi-
viduals aged 60-80 years were divided into two groups
(non-randomized control design); SSE (n=26) and con-
trols (n=26). Lower-extremity functional fitness was de-
fined as standing up from a lying position (agility),
chair-stand in ten seconds (leg power), walking round
two cones (locomotion speed), sit-and-reach (flexibility)
and single-leg balance with eyes closed (balance). The
SSE group participated in a six-month regimen of
SSE once a week. SSE was performed on a thin mat of
250 ¢cm by 100 cm, partitioned into 40 small squares
(25 cm each side). SSE included not only forward
steps but also backward, lateral and oblique steps,
and step patterns were progressively made more com-
plicated. Controls maintained their usual lifestyles.
Results: In the SSE group, significant improvements
were observed in agility, leg power, locomotion speed,
flexibility and balance. No significant changes were de-
tected in any tests in the control group. Conclusions:
The SSE program improved lower-extremity func-
tional fitness, lack of which constitutes a risk factor for
falls in the elderly. This program should be tested
further to determine if it can effectively reduce the in-
cidence of falls in the elderly.

(Aging Clin Exp Res 2006; 18: 242-245)

©2006, Editrice Kurtis

INTRODUCTION

In Japan, a national survey found the incidence {per
10,000 per year) of hip fracture in 1997 was 17.3
(men) and 40.8 (women) in persons 60-69 years old, and

57.4 (men) and 147.8 (women) in those 70-79 years old
(1). Falls are the most common cause of hip fractures,
leading to decreased mobility, restriction to bed, and/or
death; in addition, not only hip fractures but also minor in-
juries such as joint dislocation, lacerations and bruises are
also caused by falls (2). As well as fall-associated injuries,
falls may lead to an increased fear of falling which can re-
strict social activities, thereby decreasing independence and
overall quality of life.

An interview-based community survey (3) reported
that 35% of older residents had suffered one or more falls
in the preceding year, and that 53% of the falls had been
caused by tripping. Other causes, much less common,
were dizziness (7.8%), black-out (6.4%) or accident
(5.2%). For many elderly people, impact velocities at the
ground after tripping were within one standard deviation
of the estimate of the mean impact velocity needed to
fracture a femur (4). Falling sideways, which is often
observed after slipping, is also associated with the inci-
dence of hip fractures (4, 5); the impact velocity after slip-
ping also reaches the estimated femur fracture velocity
(4). Therefore, the prevention of falls caused by elderly
persons tripping or slipping is one of the most important
areas for maintaining independence and quality of life in
this age group.

Effective interventions for preventing falls should include
quick stepping in any direction and the generation of
enough force at push off to support the whole body fol-
lowing a trip or slip (6). Quickness (reaction speed/agili-
ty) and power in the lower extremity, which have been im-
plicated as factors influencing falls, decrease with age (2,
7-10). In most elderly people, the ability to respond
quickly and forcefully may be impaired, leading directly to
falling. To the best of our knowledge, there are few
studies concerning the development of an intervention
program to improve speed and power in the lower ex-
tremities of the elderly. This study aimed at developing a
novel exercise program for improving lower-extremity
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functional fitness in the elderly, and to assess its effects on
fall-related risk factors.

METHODS

Study design

An age- and gender-matched, six-month intervention
and non-randomized control trial was conducted in Gifu,
the capital city of Gifu Prefecture, located in the centre of

Japan.

Participants

Participants in the exercise group were recruited in
two ways. One was by direct mailing to pensioners
who had an account in the Juroku Bank (Gifu, Japan).
Approximately 38,000 letters were sent to people who
lived in the area around the building in which the exer-
cise program was conducted. Another procedure was to
use leaflets, which were placed in the main office and 60
branch offices of Juroku Bank in Gifu Prefecture. The
mailer or leaflet, besides our program, also contained in-
formation on several free-of-charge culture classes for the
elderly, such as Chinese conversation and “shogi”
(Japanese chess) classes. Persons receiving the mailer or
leaflet could attend and choose any class from the list, in-
cluding our program.

Twenty-six people aged 60-80 years agreed to partic-
ipate in the study (6 men, 20 women). To lower the risks
of accident by exercise, five consecutive low-intensity ex-
ercise sessions (60 minutes each) over a period of 10
weeks were given to participants before the study. These
exercise sessions mainly consisted of stretching the lower
- extremities while sitting or lying on a mat, and calisthen-
ics for the upper extremities while in a standing posi-
tion. Participants then engaged in the pre-test and square
stepping exercise (SSE) program (see below) for six months
without interruption, but were not encouraged to engage
in any other new forms of exercise. Once an exercise
group was identified, age- (+3 years) and gender-matched
controls were selected at random from among cohort
members of another surveillance program, in which elderly
individuals aged 60 or more living in the city attended as
participants of another research program focused on ag-
ing and lifestyle. Controls were asked to maintain their
lifestyles for six months and to refrain from engaging in the
SSE program or any other new form of exercise. Individ-
uals who were living in care facilities, who were regularly
exercising twice or more weekly, had a history of illness or
a condition that would affect balance (e.g., stroke or
Parkinson’s disease), or were unable to participate safely
in the exercise program, were excluded.

The Juroku Bank and the University of Nagoya co-
operated in the Revitalization of Physical and Social Ac-
tivities of the Elderly Project and approved the study. All
participants gave their informed consent before partic-
ipating.

Square-stepping exercise in the elderly

QOutcome measures

Outcome measures were changes in functional fit-
ness related to the risks associated with falling. Fallers are
more likely to report difficulty rising from a bed or chair,
and to have some form of gait abnormality (11). Lower
limb weakness and poor tandem-walking ability have
emerged as significant predictive factors among multiple
clinical and functional falling risk factors (12). Gehlsen et
al. (13) reported that functional fitness in those with a his-
tory of falls was lower than in those with no history of
falls. In that study, functional fitness items included static
balance (one-leg balance test), dynamic balance (backward-
walking test), hip, knee and ankle joint strength, and
hip and ankle flexibility tests.

From these studies, we assumed that agility, leg pow-
er, locomotion speed, flexibility and balance would be el-
ements of functional fitness related to the risk of falls. Fur-
ther, in the present study, five functional fitness tests
were selected to match each element: standing up from a
lying position (agility), chair-stand in 10 seconds (leg
power), walking round two cones (locomotion speed), sit-
and-reach (flexibility), and single-leg balance with eyes
closed (balance). Details of the measurements of these fit-
ness items have been reported elsewhere (14, 15). In
standing up from a lying position on a signal, participants
were asked to stand up as quickly as they could, to a sta-
ble erect position from a lying position. The process of
moving to the standing position depended on each par-
ticipant’s customary method. Performance time was as-
sessed in terms of time needed to reach a stable erect po-
sition. In the item of chair-stand in ten seconds, partici-
pants were asked to repeat the exercise of fully standing
up and then fully sitting on a chair as many times as pos-
sible within ten seconds. During the measurement, par-
ticipants crossed their arms at the wrists and held them to
their chests. Walking round two cones was measured as
follows: two cones were placed 1.8 m on both sides of
and 1.5 m behind the chair. Participants rose from the
chair, walked to the right going inside and round the back
of the cone, returned to a fully seated position on the
chair, stood up and walked round the left cone, and re-
turned to a fully seated position. One trial consisted of two
complete circuits (total distance about 16.8 m). Perfor-
mance time was recorded in units of 0.1 seconds. In
the test of sit-and-reach, participants were asked to sit on
the floor and push the plastic cursor forward slowly as far
as possible with their middle fingers and without bending
their knees. Performance was recorded as the maximum
distance between toes and middle fingers; the farther
forward the fingers, the greater the performance dis-
tance. The reference position, 0 cm, was at the level of
the toes. Participants performed twice and the better
(further) score indicated by the cursor was noted.

Descriptive variables, such as age, height, weight and
attendance rate in the exercise program, were recorded.
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