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"all" dietary supplements were very few in both sexes. On the
other hand, 90th percentile value of vitamin E, vitamin B group,
vitamin C, and niacin intake exceeded respective nutrient intake
from diet shown in the National Nutrition Survey; i.e. about 10 %
or more of dietary supplement users took large amount of such
nutrient from dietary supplement. "Excess users” existed for iron,
magnesium (only the 6th Ed.), vitamin A, vitamin K (only the 6th
Ed.), vitamin Bs, and niacin (only the 6th Ed.).

Dietary Supplement Use in Japan

Energy and nutrient intake from dietary supplement by major
category among "regular users” is shown in Table 5. Individuals
with intake of some nutrients at the 90th percentile value were
larger amount than that from diet by the National Nutrition
Survey (vitamin category: vitamin E, vitamin B group, niacin, and
vitamin C; Mineral category: calcium; Drink type category: vita-
min B1, vitamin B2, vitamin Bs, and niacin; "other" category: vita-
min E and vitamin B group). "Excess users” existed in vitamin

Table 3. Prevalence of dietary supplement users by major category and sub-category by user category (%) (1,152 males and 1,107 females)

User category’
Any Seldom Weekly Daily
Category Sub-category Males Females Males Females Males Females Males Females
1. Vitamin 23.1 30.2* 6.2 6.8 6.9 72 10.0 16.2*
’ Multivitamin 14.6 155 4.4 44 54 44 4.8 6.6
Vitamin C 4.7 8.0* 1.1 1.4 1.5 2.1 2.1 4.6*
Vitamin E 4.0 6.8* 0.7 1.3 0.5 1.0 2.8 4.5%
Vitamin B2 2.0 2.8 0.8 1.1 0.4 0.5 0.9 1.2
Vitamin B2 2.3 24 0.6 0.6 0 0.4* 1.7 1.4
Vitamin D 0.3 2.8* 0 0.1 0 0.5* 0.3 2.2%
Vitamin A 04 1.1* 0.1 0.2 0.1 0 0.2 0.9*
Vitamin B 0.5 0.8 0.2 0.1 0.2 02 0.2 0.5
Pantothenic acid 0.2 0.8* 0 0.1 0.1 0.1 0.1 0.6*
Vitamin Be 0.4 0.3 0.1 0 0 0 0.3 0.3
Vitamin K 0.1 0.5 0 0 0 0 0.1 0.5
Folate 0.1 0 0 0 0 0 0.1 0
2. Mineral 2.7 7.6* 0.8 1.4 04 2.1% 1.5 4.2%
Calcium 1.7 5.2* 0.4 0.6 0.3 1.3* 1.0 3.3*
Iron 0.2 2.4% 0.2 0.6 0 1.0* 0 0.7*
Magnesium 04 0.5 0.1 0.2 0.1 0 0.2 0.3
Other minerals 0.5 0.5 0.2 0.1 0.1 0 0.3 0.4
3. Fatty acid 1.0 1.2 0.1 0.3 0.1 0.2 0.7 0.8
4. Amino acid 1.1 15 0.1 04 0.4 0* 0.6 1.2
5. Dietary fiber 0.1 0.5 0 0.1 0 0 0.1 0.5
6. Drink type 27.0 24.8* 17.5 14.0* 74 8.0 2.2 2.9
7. Medicine 12.0 9.7 10.0 8.2 1.6 0.9 0.4 0.5
8. Others 18.3 26.9* 3.0 4.6* 4.1 6.0* 11.3 16.4*

T : Dietary supplement users were categorized into three user groups:
Seldom; seldom users those who reported any dietary supplement use once a year or more but less than once a week for the past 12

months.

Weekly; weekly uses those who reported any dietary supplement use once a week or more but less than once a day for the past 12

months.

Daily; daily users those who reported any dietary supplement use once a day or more for the past 12 months.

Any; combined three groups.
* : p<0.05 by Chi square test
No subject used niacin or biotin sub-category dietary supplement.
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category (vitamin A, vitamin K, vitamin B6, and niacin), in the
mineral category (magnesium), in drink type (niacin), and in the
"others" category (iron, vitamin A, vitamin Be, and niacin). In the
other major categories, there were no "excess users" for any nutri-
ents.

According to the 6th Ed. UL, 20 people were "excess users” of
vitamin A among "all" dietary supplement users (Table 4), 12
among the "others" category and 3 among vitamin category
(Table 5). This indicates that 5 people consumed excess doses of
vitamin A from more than one dietary supplement category. Some
people consumed excess doses of magnesium (one participant),
vitamin Be (one participant), and niacin (six participants) from
more than one dietary supplement category.

DISCUSSION

We conducted this study to evaluate the information on dietary
supplement use and nutrient intake from these products in a ran-
dom sample of a community-living population. Dietary supple-
ments were used by more than half of the respondents in the pre-
vious year, The intake of some minerals and vitamins from these
products were equal or more than the daily intake from food in
the National Nutrition Survey.' Some users were found to take
excess doses of minerals or vitamins from these products.

The prevalence of "all" dietary supplement use among "any
users" in the previous year in our study was more than 50 %
among both sexes. This is relatively high in comparison to those
reported from Japan,®® but it is almost the same as the prevalence
found in studies that were conducted in the US.*** However, dif-
ferences in the definition of dietary supplements, dietary supple-
ment users, duration of the study period (e.g., not specified or pre-
vious one year), and survey method (e.g., questionnaire only or
including interview) among these studies make direct compar-
isons difficult.

In the National Nutrition Survey in Japan (J-NNS) in 2001,?
dietary supplements were defined only as products which con-
tained vitamins and minerals, and a concrete study period was not

" specified. Under this condition, 17.0 % of males and 23.6 % of
females reported usual use of dietary supplements. In the sub-
group of the Japan Public Health Center-based Prospective Study
on Cancer and Cardiovascular Disease Cohort II,* dietary supple-
ment was investigated in a questionnaire survey. In this study,
dietary supplement was classified into multivitamins, beta-
carotene, vitamin C, vitamin E, and others, and dietary supple-
ment users were defined as subjects who used a dietary supple-
ment one or more times a week for a year or longer. In this situa-
tion, the prevalence of dietary supplement use was 10.9 %.

Survey method (e.g., questionnaire only or including interview)
may be another methodological factor to affect the prevalence of
the dietary supplement intake. Third National Health and
Nutrition Examination Survey in 1999-2000 (NHANES III)* in
the US was conducted by household interviews. In NHANES III,
dietary supplements included non-vitamin and non-mineral prod-

ucts, the duration of the study period was the previous month.
Under this condition, the prevalence of dietary supplement use
was 52 %, and it was similar to our results. It is possible that rela-
tively high prevalence of dietary supplement use found in
NHANES IIT and our study may result from the use of survey
methods including interview. ‘

At present, there have been a few studies on dietary supplement
assessment methodology.*”*2*?" It is important to develop gen-
erally accepted assessment method in the dietary supplement
study to make direct comparison.

We clarified the characteristics of dietary supplement users for
the first time in Japan. Many studies conducted in the US and
European countries reported that dietary supplement use was
related to many aspects of appropriate lifestyles and a high health
status.®*#*3 In contrast, dietary supplement users in this study
were likely to feel less healthy than nonusers. Dietary supplement
users might have been more careful of maintaining an appropriate
weight than nonusers, whereas other characteristics (i.e., smoking,
education, marriage status, BMI, energy intake from food, and
alcohol intake) were not significantly associated with dietary sup-
plement use or nonuse in this study. The characteristics of dietary
supplement users in our study might have been different from the
characteristics of dietary supplement users in other countries.
Such characteristics may depend on sex, age, and ethnicity.”**
Furthermore, some characteristics were different between fre-
quencies of use of dietary supplements. For example, "seldom
users" were prevalent among middle-aged subjects and were more
likely to be males, whereas "daily users” were prevalent among
older people and more likely to be females in our study. The asso-
ciation between dietary supplement use and other characteristics
may be affected by the frequency of use of dietary supplements.

Multivitamin, vitamin C, and vitamin E were the popular
dietary supplements in the vitamin category, and calcium was the
most popular dietary supplement in the mineral category in our
study. In the US, approximately 40% of subjects was reported to
be users of some vitamin or mineral supplements in the NHANES
1I1.8 About 40 to 80% of adults was reported to be users of some
vitamin or mineral supplements. Multivitamins were the most
popular dietary supplements, and vitamin C, vitamin E, vitamin
A, and calcinm were commonly used in vitamins and mineral
supplements.®%33231.34% Many studies reported the prevalence of
combined dietary supplement use (vitamins and mineral). The
prevalence of use of each dietary supplement was not determined,;
however, our results (vitamin plus mineral: males 25.8%,
females; 37.8%) would be broadly comparable to the results of
those studies.

Schaffer et al® reported that the prevalence of non-vitamin and
non-mineral dietary supplement use was 32.7% (participants were
the members of a large group in a model health plan, the duration
of the study period was the past 12 months, and dietary supple-
ment use was assessed by a questionnaire). The prevalence of
non-vitamin and non-mineral dietary supplement users in our

study ("all" - vitamin - mineral: males; 28.7%, females; 23.5%)
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was close to the results of Schaffer et al. Radimer et al* reported
that non-vitamin and non-mineral dietary supplements included
many herbal supplements in NHANES 1I1, and the term "herbal”
is often used loosely, including non-plant dietary supplement (i.c.,
enzymes, glandular extracts, choline, and fish oils). Herbal sup-
plements were most commonly used because they were consid-
ered "healthy or good for you","*¥* and consumers may per-
ceive plant products as more natural than manufactured medi-
cines.® Furthermore, some studies reported that herbal supple-
ment use is accelerating, and some products might have adverse
health effects.***% We could not determine the reason why some
individuals chose "others" types of dietary supplements. As the
prevalence of "others" types of dietary supplement use was high
in our study, it will be important to estimate the prevalence of this
kind of product (non-vitamin and non-mineral dietary supple-
ments) and to clarify the health effects of these products. ‘

In our study, the prevalence of drink type dietary supplement
was high, especially in males, and more than 60 % of drink type
dietary supplement users were "seldom users". Hakura et al* also
reported that high prevalence of drink type dietary supplement
was observed in Japan, and many of the occasional dietary sup-
plement users took this kind of dietary supplements to maintain or
recover health. However, drink type dietary supplement was not
usually described in the studies reported from the Western coun-
tries.™** The high prevalence of drink type dietary supplement
use might be one of the characteristics observed in Japan, and
might be caused by broad accessibility that people can get drink
type dietary supplements easily at supermarkets and convenience
stores when they feel weary.

The purpose of dietary supplement use may be to compensate
the shortage of nutrients from foods, but some users had exces-
sive intake of some nutrients. The median values of Vitamin Bi
and 90 percentile values of vitamin E, Vitamin B2, Be, B12, niacin,
and vitamin C from dietary supplements in this study were more
than that from food, according to the results of J-NNS 2002.'
Some dietary supplement users consumed huge amounts of nutri-
ents from dietary supplements.

Regarding overdoses, this study had two important findings.
The first was that overdoses sometimes occurred for non-target
nutrients from dietary supplements, when the primary nutrient in
the dietary supplement was defined as the target nutrient. For
example, according to the 6th Ed. UL, only three persons took an
excess dose of vitamin A among vitamin supplement users,
whereas 12 people consumed an excess dose of vitamin A among
the "others" type of supplement users (Table 5). The second was
that overdose sometimes occurred in users of "multiple” dietary
supplements. In this study, according to the 6th Ed. UL, five peo-
ple consumed an excess dose of vitamin A from "multiple"
dietary supplements which belonged to different categories.

Stewart et al" reported that there was a wide range of intake of
vitamins from dietary supplements. Subjects who took more than
10 times the Recommended Dietary Allowances (RDAs) in the
US were observed for vitamin B group, vitamin C, vitamin E,
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niacin, and pantothenic acid intakes. Other studies reported that
some dietary supplement users consumed excess doses of some
nutrients as compared to the RDAs.**** Rock et al*> noted that a
few women consumed potentially toxic levels of vitamin A, vita-
min Be, iron, and zinc from dietary supplements. People need to
be aware that excessive use of some dietary supplements may
produce undesirable health effects.*#* Because we did not include
fortified foods and modified foods among dietary supplements in
this study, nutrient intake from those foods was not included the
estimation of total nutrient intake. We are apprehensive that
excessive levels of nutrient intake could be more common people
with in a combination of fortified foods, modified foods and
dietary supplement use.

The main strength of this study is the development of the nutri-
ent content database of more than 900 dietary supplements, and
the use of this database to calculate nutrient intake from these
products for more than 2,000 middle-aged and older people.
Although our database of dietary supplements is extensive, a lack
of information on some dietary supplements still exists.
Information on the nutrient content of some products available in
the marketplace had not been obtained even by the producer
and/or was difficult to get,**** because dietary supplements
except for medicines are not required to show their nutrient con-
tents.

APPENDIX

We succeeded in constructing the database of more then 1500
dietary supplement products in April 2006. The database has been
regularly updated according to the study. We will make latest
dietary supplement database generally available, but for non-
profit use only, in the internet website (http://www.nils.go. jp/depart
ment/ep/index-j.html) of our institute, without a need for permis-
sion. The authors, however, request that this article be cited when
a study in which the data, or even a part of it, were used is pub-
lished or open to the public. We expect that this database will be
useful for the prevention of excess intake of dietary supplements
and contribute to the development of research on nutritional epi-
demiology.
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Abstract

The aim of the present study was to clarify the relationships between age-related changes of
postural stability and physical function in middle-aged and elderly Japanese. The subjects were
640 males and 620 females who had participated in both the baseline and the 4-year follow-up
surveys of the National Institute for Longevity Sciences-Longitudinal Study of Aging. Postural
stability was measured using a force platform. Flexibility, muscle function, reaction time, balance
and comfortable and maximal gait performance were also measured as physical function. Postural
sway was increased in 4 years. Multiple logistic regression analysis controlled for age, sex,
height, weight and history of diseases revealed significant relationships between decline of postu-
ral stability and sit-ups, flexibility, frequency and velocity at comfortable gait and leg extension
power at baseline. These results suggest that not only greater abdominal muscle strength and leg

power but also quick walking benefit the preservation of postural stability.
(Ipn. J. Phys. Fitness Sports Med. 2006, 55 Suppl - $227~5230)
key word : postural stability, abdominal muscle strength, gait performance,
longitudinal study, middle-aged and elderly

INTRODUCTION

Postural instability was observed in elderly peo-
plel>. However, few population-based longitudinal
studies have been presented in the literature. Pre-
vious studies suggested that poor balance is one of
the risk factors of falls, which is a serious problem
for the elderlyz'g). It is important to investigate the
relationship between age-related changes of postural
stability and other physical function such as physic-
al fitness and gait performance in order to develop
effective strbategy for maintaining balance or pre-
venting falls. The aim of the present study was to
estimate the changes of postural stability in 4 years
and to clarify the relationships between age-related
changes of postural stability and physical function

in middle-aged and elderly Japanese.
METHODS

Subjects : The data of this study were collected as
part of the National Institute for Longevity
Sciences-Longitudinal Study of Aging (NILS-LSA).

In this project, the normal aging process has been

assessed using detailed questionnaires and examina-
tions including clinical evaluations, blood chemis-
tries, anthropometrical measurements, physical fit-
ness tests, nutritional analysis, and psychological ex-
aminations. Details of the study are reported else-
where%). The initial survey of NILS-LSA involved
2267 males and females aged 40~79years. They
were gender- and decade age-stratified random sam-
ples living in Obu-shi and Higashiura-cho Aichi
Prefecture, Japan. The subjects for this study were
640 males (mean age at baseline ; 58.0+10.3 years)
and 620 females (56.8+10.2 years) who had partici-
pated in both of the baseline and the 4-year follow-
up surveys. Written informed consent was obtained
from all the participants. The Ethical Committee of
the National Center for Geriatrics and Gerontology
has already approved all procedures of the NILS-
LSA (Approval number : 175).

Variables :

1) Postural stability (baseline, follow-up)

The measurements of postural stability were car-

ried out using a force platform (GE Yokogawa

Medical Systems Co., Japan) in quiet upright bipedal

Department of Epidemiology, National Institute for Longevity Sciences, National Center for Geriatrics and Gerontology :

NILS/NCGG, Obu, Japan

139



228

2.0 - .
o | |

Anterior-posterior
length
MedioAlateral léngth
285 0 0010 2o

Figure 1. Examples of sway trajectory and output
parameters.

stance under the eyes open and closed condition for
60seconds. Output parameters to examine the
amount of motion were the sway area, maximum
anterior-posterior and medio-lateral length and total
path length in both eyes conditions (Figure 1). The
Romberg ratio (sway with eyes open/sway with eyes
closed) was calculated in sway area and total path
length.
2) Physical function (baseline)

Flexibility, grip strength, one-leg balance, reac-
tion time, leg extension power, sit-ups, knee exten-
sion strength (Takei Co., Japan), step length, step
frequency, and velocity during 10 m comfortable and
maximal gait (Yagami Co., Japan) were measured as
physical function.

3) Covariates (baseline)

Height and weight were measured using a digital
scale. Body mass index was calculated as weight di-
vided by height squared (BMI ; kg/m?). Body fat
mass was assessed by dual X-ray absorptiometry
(DXA ; QDR-4500A, Hologic, USA). Medical histor-
ies such as stroke, hypertension and diabetes melli-
tus were determined by questionnaire and interview.

Statistical analysis : Measurements of pdstural sta-
bility were compared by paired-t test between base-
line and follow-up. Percent changes in the postural
stability variables were calculated as the (change/
baseline value) X 100. Multiple logistic regression

analysis was performed to assess the relationships

140

between changes of postural stability and each
physical function. Odds ratios were calculated from
the change of swéy area with eyes closed (case :
change>=2s.d,, control : change<2s.d.) per 1s.d.
increase of each physical function controlled for age,
sex, height, weight and history of diseases. Signifi-
cant probability levels were less than 0.05. Statistic-
al testing was performed using Statistical Analysis
System release. 8.2 (SAS Institute Inc. NC, USA).

RESULTS

The characteristics of the subjects were summa-
rized in Table 1. Subjects who reported history of
diseases such as stroke, hypertension or diabetes
mellitus were 29.7% of male and 25.2% of female.
Four-year changes in postural stability were
shdwed in Table 2. Postural sway significantly in-
creased over the follow-up period excluded medio-
lateral length with eyes open and total path length
in both eyes conditions (p<0.05). Romberg ratio
significantly decreased over follow-up period in
both sway area and total path length (p <0.05).
Mean percent changes in postural stability were
showed in Figure 2. Mean percent change in the
sway area with eyes closed (20.2%) was the
greatest of all parameters. Therefore, the sway area
was decided as an indicator of decline in postural
stability. The relationship between decline in postu-
ral stability and physical function was shown in
Table 3. Multiple logistic regression analysis con-
trelled for age, sex, height, weight and history of

diseases revealed significant relationship between

Table 1.  Charactaristics of subjests.
Male Female
(n=640) (n=620)
Height (cm) 165.0 £ 6.2 1524 + 58
Weight (kg) 62.8 + 88  53.0 + 8.0
BMI (kg/m®) 23.0 £ 2.7 228 = 3.1
% Body fat (%) 21.2 £ 4.1 312 £ 49
History of deseases’  (%6) 29.7 25.2

Mean=£S.D.
t Subjects who had, stroke, hypertention or diabetes
mellitus.
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Table 2. Four-year changes in postural stability.

Baseline Follow-up Absolute change

Eyes open ‘

Sway area (cm®) 226 =117 234 £ 1.16  0.08 £ 1.09

Anterior-posterior length’ (cm) 244 = 0.74 278 082 034 = 0.85

Medio-lateral length (cm) 1.99 = 0.60 198 £058  -0.01 + 0.61

Total path length’k (cm)  78.88 £ 16.50 72.01 £ 19.69 -6.87 £ 14.53
Eyes closed

Sway area’ (em?)  3.80 =237 420 £3.01 040 % 221

Anterior-posterior length’ (cm) ~ 2.97 095 309 £1.05 012 = 0.98

Medio-lateral length™  (cm)  2.57 £0.90 276 £1.00 019 * 0.89

Total path length (cm) 107.60 +36.67 106.83 +44.76 -0.74 + 29.59
Rombelg ratio

Sway area’ - 0.69 £ 0.34 0.66 % 0.31 -0.02 = 0.41

Total path length’ - 0.76 +0.13 0.71 +0.14  -0.05 % 0.14

Mean+S.D., *p<0.05 ; paird-t test.

M ean percent changes+S.E.

24 v
T [ Eyes open E Eyes closed 1
16 e e
8
<
|
-8 | - = !
|
-16 3
Sway area Anterior- Medio-lateral ~ Total path
posterior length length
length

Figure 2. Mean percent changes in postural stability.

Table 3. Relationship between baseline physical function and
postural stability change.

Odds ratio * 95% CI p-value
Flexibility 1.048 1.008 -1.090 <0.05
Grip strength ) 1.002 0.938 - 1.069
One-leg balance with eyes-closed 0.972 0.933 -1.013
Reaction time 1.440 0.049 -42.022
Leg extensor power 0.997 0.994 - 1.000 <0.05
Sit-ups 0.921 0.850 -0.998 <0.05
Knee extensor strength 0.962 0918 -1.008
Comfortable gait  step length 0.987 0.944 -1.032
step frequency 0.967 0.940 - 0.995 <0.05
velocity 0.965 0.936 -0.995 <0.05
Maximum gait step length 0.975 0.934 - 1.018
step frequency 1.004 0.981 -1.027
" velocity 0.986 0.960 -1.012

T. Odds ratios of remakable change of away area with eyes closed (case :
change> =2s.d., control : change<Zs. d.) per 1s.d. increase of each
physical function controlled for age, sex, height, weight and history of
diseases (stroke, hypertension or diabetes mellitus).
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increased postural sway and sit-ups (Odds ratio per
ls.d. = 0.921, 95% confidence
0.850-0.998), flexibility (1.048, 1.008-1.090), step
frequency (0.967, 0.940-0.995) and velocity (0. 965,
0.936-0.995) at comfortable gait and leg extension
power (0.997, 0.994-1.000).

interval =

DISCUSSION

The present study estimated the changes of postu-

ral stability in 4 years and the relationship betwee'n‘

age-related changes of postural stability and physic-
al function, corrected for age, sex, height, weight and
history of diseases, based on a random sample of the
middle-aged and elderly Japanese.

Previous cross-sectional studies suggested that
the decline in postural stability associat‘édhwith ag-

ing!®~7. However, little is known about the con-

tribution of age on postural stability ir‘;,ﬂg pobula-

tion-based longitudinal study. In one follow-up .
study, Baloh et al suggested that static sway test-

was relatively insensitive for identifying age-related

increased in sway than dynamic testsS). However,
our results revealed that postural sway, excluding
sway length was increased in 4 years. Age—asso-
ciated impairment of postural control on stafic con-
dition was demonstrated in the study.

The sway under the eyes closed condition was in-
creased remarkably. The proprioceptive system or
vestibular system may deteriorate with aging. Gill et
al suggested that eye closure reduces the availability
of visual information and shifts postural mechanisms
towards vestibular and proprioceptive control,

which may be unfavorable to the postural control in

elderly subjects7). Our result is supported by pre-

vious studiesz’3‘7).

In the logistic regression analysis, increased sway
was negatively associated with sit-ups, leg extensor
power and comfortable gait, and was positively
associated with flexibility. Although Load et al indi-
cated that increased body sway on the foam was

associated with reduced quadriceps and ankle dor-
siﬂexion strengthg), there were few studies to assess
the relationship between components of physical fit-
ness and postural stability. Our results suggest that
not only greater abdominal muscle strength and leg
power but also quick walking and lower trunk flex-
ibility may benefit the preservation of postural sta-
bility.

In conclusion, the findings indicate that postural
sway increased with aging in community dwelling
middle-aged and elderly. Greater abdominal and
lower extremity muscle strength and quick walking
were associated with the preservation of posturaL

stability.
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How far should life-style be corrected in the elderly?

Hiroshi Shimokata

Abstract

To ensure a healthy elderly population, correction of life-style is one of the most important approaches. Smoking cessation,
regulation of alcohol intake, prevention of obesity, improvement of nutrition, promotion of physical activity are key factors
for prevention of bed-ridden and extension of healthy life span. Although corrections of life-style are essential in childhood,
adolescence, and the middle-aged and elderly periods, the methods and purpose are different in each life stage. The risks of
emaciation and malnutrition are more important rather than that of obesity in the elderly aged 75 years or over. As for the
influence of smoking in cardiovascular and respiratory diseases, smoking can be a trigger for arrhythmia, peripheral vascu-
lar constriction, and irritation of the respiratory tract in the elderly. Smoking cessation is necessary even among elderly peo-
ple. It is also necessary to decrease the amount of alcohol intake, because the ability of metabolize alcohol is limited in the
elderly. Physical activity in the elderly people is fundamental not only to maintain the ability of daily living, but also to im-
prove metabolic function and to prevent depression. Vigorous intervention to increase physical activity such as exercise

class is recommended, especially in the elderly.

Key words: Life-style, Gerintric disease, Prevention, Nutrition, Smoking
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Can you diagnose for vertebral fracture correctly by plain X-ray?

Z. Ito < A, Harada - Y. Matsui - M. Takemura -
N. Wakao + T. Suzuki - T. Nihashi - 8. Kawatso -
H. Shimokata - N, Ishigure

Abstract  Introduction: A wrong diagnosis of latent
vertebral fracture is often made when it is based on plain
X-ray imaging. Magnetic resonance imaging (MRI) bas a
high degree of accuracy for the definite diagnosis. This
study was designed to identify ways to support improve-
ments in the diagnostic accuracy of plain X-ray (X-P).
Methods: We studied X-P and MRI images of 120 women
and men (age range: 50-96 years). Five orthopedists and
two radiologists interpreted front and lateral thoracolum-
bar X-Ps and MRI images. The correct diagnosis rate for
the presence and location of incident vertebral fractures
and the correct diagnosis rate according to morphological
classifications were analyzed. Results: A correct diagno-
sis of incident fractures was made in 51.5% of cases
overall. Diagnoses of non-incident fracture based on X-P
in those cases with incident fracture based on MRI (false
positive) occurred in 24.8% of the patients, while
diagnoses of incident fracture based on X-P in those
cases without incident fracture based on MRI (false
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negative) occurred in 6.5% of the patients. The application
of morphological classifications (the primary osteoporosis
diagnostic criteria and Yoshida’s classification) resulted in
the cormrect diagnosis rate being significantly higher in the
group without prevalent fracture even when there were
morphological changes (wedge, indented, protruding type)
in the anterior bone cortex. Odds ratios were investigated
for factors that would affect the correct diagnosis rate,
including age, body weight, lumbar vertebrae bone
mineral density, and examiner ability. In an overall

and examiner ability (p=0.0205) affected the correct
diagnosis rate. Conclusion: The correct diagnosis rate
for incident vertebral fractures with X-Ps was low (24.8%)
and 1n cases with prevalent fractures, the rate was even
lower (16.8%), but the number of prevalent fractures and
BMD did not exert an effect. One key improving the
correct diagnosis rate may be to pay attention to morpho-
logical changes in the anterior bone cortex.

Keywords Anterior bone cortex - Bone mineral density -
Diagnosis rate - Latent fractures - Spinal fragility fractures

Introduction

Elderly cutpatients with complaints of severe lumbar back
pain in almost all cases undergo plain X-ray (X-P), from
which a diagnosis of the underlying condition should be
made. At such times an existing lesion of vertebral disk
degeneration or osteoporosis can often conceal a latent
incident spinal fracture, with the result that a delayed
diagnosis can make it difficult to prevent post-fracture
sequelae or other problems [1]. However, reports are
occasionally received that an accurate diagnosis of the
existence or location of the incident fracture is difficult
with X-P umnages only and that X-P screening images are
not effective for low back pain [2, 3]. Meanwhile. many
reports have stated that magnetic resonance imaging (MRI)
has a high degree of accuracy for the definite diagnosis of
incident spinal fracture, and it continues to be used as the



more useful tool [4-6]. However, due to limitations in
equipment and considerations that must be given to the
economics of medical treatments. it is not possible to use
MRI with all patients. In the present study, therefore, with
diagnosis by MRI taken to be the correct diagnosis, we
conducted a mulfi-lateral analysis of the diagnostic accu-
racy of several orthopedic surgeons and radiologists who
based their diagnoses on X-P images, in order to identify
ways to support improvements in diagnostic accuracy. This
is a cross-sectional study.

Materials & methods
Participants

The subjects were patients above the age of 50 who were
examined at the authors™ hospitals between May 1999 and
January 2004, and who had undergone MRI within 4 weeks
of the initial examination. A non-incident fracture group
consisted of patients without incident vertebral fractures,
while an mcident fracture group consisted of patients with
incident vertebral fragility fractures caused by weak
external force, such as that sustained in falls from a
standing position. One hundred twenty-three patients had
these conditions. After excluding patients who had a
history of primary or metastatic bone tumor, infectious
disease, hematological disorders, or compression fracture
within the previous year. which would leave spots with
high signal intensity on the MRI images (three patients),
the final number of subjects for the study was 120, of
whom 112 were women and eight were men, with ages
ranging from 50 to 96 years (mean age: 75.6 years).

Measurements
Five orthopedists and two radiologists from our hospital
interpreted anterioposterior (A-P) and lateral thoracolum-

bar X-Ps taken during the initial examination. They did not
guestion the patients or have access to physiological

Table 1 Baseline data (means + standard deviation)

findings, and the images were arranged by a third party
with the patients” IDs and names concealed. The correct
diagnoses were taken to be those of two radiologists not
involved in the treatment of the patients who, in consul-
tation with each other, reached the same conclusion based
on MRI [1.5T, Tl-weighted images (SE: TR/TE
400/15 ms); T2-weighted images (SE: TR/TE =
25007120 ms)]. In this study, a definition of a fracture
based on the MRI image also included a bone bruise
without deformity as an incident fracture. Differences in
the ability of the five orthopedists to interpret spinal X-P
images were investigated in advance. The subjects of this
investigation were 89 healthy community residents who
underwent thoracolumbar spine X-P for the purpose of a
long-term longitudinal epidemiological study at out hos-
pital. Each orthopedist classified the vertebral spines
(Nathan’s classification [7]) on an A-P thoracolumbar
image, after which intraclass correlation coefticients were
calculated using SAS (Statistical Analysis Software, Cary
N.C.) ver. 8.2, and the level of coincidence was observed.
The results revealed no significant difference m the ability
of the orthopedists to interpret radiographs, with intra-class

Accordingly, assuming that there was no difference in the
ability to interpret spinal X-P images, the correct diagnosis
rate for the presence and location of incident spinal
fractures and the correct diagnosis rate according to the
morphological classifications (classifications of Genant et
al. [8] and Yoshida [2]) of the incidental fractured vertebral
body were analyzed, and subjects were divided into three
groups for the analysis of factors affecting correct diagno-
sis: (1) non-incident fracture group with and without
prevalent fractures (non-incident fracture group); (2)
incident fracture group without prevalent fractures; (3)
incident fracware group with prevalent fractures. Bone
mineral density (BMD) was measured using dual energy
x-ray absorptiometry (DPX; Lunar, GE Healthcare, UK) in
bones of the entire body, the lumbar vertebrae, and the
femoral neck. The density for the lumbar vertebrae (1.2-4)
was adopted for the present study.

] Fracture group Incident fracture group Non-incident fracture group”
Without prevalent fracture With prevalent fracture

“Number 67 24 43 53

Age (year) 79.9£7.9 76.8+7.2 81.1£7.9 68.9+9.6

Weight (kg) 43.4£8.3 46.1+9.1 42.2+7.7 49.9+7.3

Height (cm) 146.3£7.1 148.1£5.5 145.5£7.6 148.39+6.2

Lumbar BMD(g/cm?) 0.74+0.19 0.84+0.18 0.70+0.27 0.90+0.24

One new fracture 50 21 29 -

Two new fractures 9 2 7 - »<0.0001

Three new fractures 7 1 6 -

More new fractures 1 0 1 -

Values are means=SD

Significant differences were seen in age, height, weight, and lumbar vertebrae BMD
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Statistical analysis

SAS ver. 8.2 was used for the accumulation and analysis of
data. In comparing the correct diagnosis rate for fractured
vertebral body mophology, adjustments were made using
the Cochran-Mantel-Haenszel method for variations in age,
body weight, lumbar spine bone mineral density, and
examiner ability, and analysis was conducted with
ANOVA, Tukey’s multiple comparison test, and logistic
regression analysis,

Results
Number of patients and fractured vertebras

Of the 120 patients, 67 patients were diagnosed with
incident fractures with and without prevalent fractures in
95 vertebrae, including single incident fractures in 50
patients and two or more incident fractures in 17 patients.
There was non-incident fracture with and without prevalent
fractures in 53 patients. The group of incident fractures
without prevalent fractures consisted of 24 patients and 28
vertebrae, and with prevalent fractures, of 43 patients and
67 vertebrae. Significant differences were seen in age,
height, weight, and lumbar vertebrac BMD (p<0.0001)
(Table 1).

A breakdown of correct and incorrect diagnoses

A correct diagnosis of incident fracture was made in 51.5%
of cases overall. A breakdown shows that in cases when
non-incident fracture was seen by MRI the correct response
of non-incident fracture (true negative) was made in 37.7%
of cases and the correct diagnosis of incident fracture (true
positive) was judged to have occurred in 13.8% of cases.
The location of incident fracture was mistaken in 17.2% of
the cases. Responses of non-incident fracture on X-P
images in cases with incident fracture (false negative)
oceurred in 24.8% of the cases, while responses of incident
fracture on X-P images in cases of non-incident fracture
(false positive) occurred in 6.5% of the cases (Table 2).

Table 2 A breakdown of correct and incorrect diagnoses®

The overall rate of correct diagnosis
Non-incident fracture group

We next compared the correct diagnosis rate of incident
fractures by the five examiners in each of the three groups.
The correct diagnosis rate of the five examiners was high
overall, reaching 85.3% (73.6-92.5%) in the non-incident
fracture group. The overall diagnosis rate was also high
with no significant variation between the five examiners
(p=0.486).

Incident fracture group without prevalent fractires

The overall correct diagnosis rate for the incident fracture
group without prevalent fractures was 39.3% (21-58.3%y,
and significant variation was seen between the five
examniners (p = 0.04).

Incident fracture group with prevalent fiactures
Despite the low overall correct diagnosis rate of 16.8%

fractures, no significant difference was seen in the correct
diagnosis rate between the five examiners, and overall the
diagnosis rate was low (p=0.432).

Thus, the correct diagnosis rate for incident fractures
decreased significantly in the non-incident fracture group
followed by the incident fracture group without prevalent
fractures, and the incident fracture group with prevalent
fractures, in that order. However, a second investigation
after adjusting for differences in age, weight, and lumbar
vertebrae BMD revealed significant variation in all three
groups (Fig. 1),

The kappa score of interexaminers

The median kappa-score of all examiners was 0.65 [0.5]
(min.) to 0.81(max.)]. The median kappa-score of inter-
orthopedists was 0.65 (0.51-0.72), while the kappa-score
of inter-radiologists was 0.69. The median kappa-score of
orthopedists-radiologists was 0.63 (0.54-0.81) (Fig. 1).

Fracture - (MRI) Fracture + Total Diagnosis rate
Fracture-(X-P) 37.68% 24.83% 62.51% — Fx-/Fx-: 37.68%
Fracture + 6.49% 31% 37.495% Fx+/Fx+: 13.83%
(Correct: 13.83%, level mistake: 17.17%)
Total 44.17% 55.83% 100% Total: 51.51%

*Fracture with a —/+ (MRI) means the correct diagnosis; fracture with a —/+ (X-P) means the examiners’ answers
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B incident fracture group without prevalent fractures
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Fig. 1 Diagnosis rate by the five examiners. a Significant variation  the incident fracture group with prevalent fractures after

was seen in the non-incident fracture group after adjustment.
b Significant variation was seen in the incident fracture group
without prevalent fractures. ¢ Significant variation was seen in

The rate of cormrect diagnosis based on the number
of prevalent fractures

The next variable investigated was the correct diagnosis
rate by number of prevalent fractures in the incident
fracture group with prevalent fractures. No correlation was
found between the correct diagnosis rate and the number of
complicating prevalent fractures when the subjects were
divided into either six groups according to the number of
prevalent fractures (one fracture to six or more fractures) or
two groups (one fracture vs. two or more fractures)

adjustment. d Average of diagnosis rate. ¢ The kappa score of
interexaminers. These results were moderate

The rate of correct diagnosis by morphological
classification

The primary osteoporosis diagnostic criteria

We then looked at the correct diagnosis rate for incident
fractures by morphological classification of the vertebral
body in the incident fracture groups with and without
prevalent fractures. The morphological classifications used
were the primary osteoporosis diagnostic criteria of Genant
et al. [8] and Yoshida’s classification [9] (Fig. 3). Using the
primary osteoporosis diagnostic criteria of Genant, the
correct diagnosis rate was high for wedge-type fractures
in the combined results for the incident fracture groups
with and without prevalent fractures (fracture group)
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