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Abstract The aim of this study was to clarify and com-
pare the temporal course of bone mineral density
(BMD) between fast bone losers and normal residents in
Miyama Village, a rural Japanese community. BMD
was measured over a 10-year period in a cohort study in
Miyama Village, Wakayama Prefecture, Japan, to pro-
vide information on rate of bone loss in the mature and
elderly population. Subjects (#=400) were selected by
sex and age stratum from the full list of residents born in
1910-1949, with 50 men and 50 women in each age
decade. Baseline BMD of the lumbar spine and proximal
femur was measured using dual energy X-ray absorpti-
ometry in 1990, 1993, 1997 and 2000. In the cohort, 171
men and 189 women completed the follow-up survey
performed in 1993. After calculating the rate of bone
loss between 1990 and 1993, the greatest tertile from the
distribution of bone loss was categorized as fast bone
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losers, with the remainder considered as normal subjects.
Changes in BMD were compared between normal sub-
jects and fast bone losers over the 10-year period. Mean
rate of change for BMD at both lumbar spine and
femoral neck in fast bone losers recovered to levels
similar to those in normal subjects over 7 years of
observation. By contrast, BMD at the lumbar spine and
femoral neck decreased steeply over the 10-year period
in both groups, and mean BMD for fast bone losers was
significantly lower than that of normal subjects
(P <0.05). These differences were apparent only at the
lumbar spine in both men and women, even after ad-
justing for age. These results indicate that fast bone loss
is a transient phenomenon rather than a fixed status,
although individuals who have been categorized as fast
bone losers at some stage continue to display low BMD
in the lumbar spine.
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Introduction

Osteoporotic fracture is one of the leading causes of
elderly individuals becoming bedridden in Japan [I, 2].
Incidence of hip fracture has increased sharply over the
last decade, concomitant with the rapid increase in the
proportion of elderly people in the population [3].
Prevention of osteoporosis is therefore a matter of ur-
gency if quality of life is to be maintained among elderly
individuals and costs for medical care are to be contained.

Although fast bone losers have been recognized as a
high-risk group for osteoporosis and osteoporotic frac-
tures [4], few epidemiological studies of this group have
been undertaken in Japan [5]. As bone loss is typically
asymptomatic, longitudinal population surveys are re-
quired to clarify the epidemiological characteristics of
fast bone losers.
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To assess BMD and bone loss in the general popula-
tion, two cohorts were established in Wakayama Pre-
fecture, Japan. We have already reported results from a
cohort selected from a seaside area, Taiji Town, in a
study initiated in 1993 [6, 7, 8]. In that study, 3-year bone
loss rates were measured in subjects randomly selected by
sex and year of birth [6]. These data provided estimates of
rate of bone loss among 40- to 79-year-old Japanese men
and women. Rates of change of BMD at the lumbar spine
in men increased slightly in all age strata, while rates
in women decreased in all age strata. Our findings sug-
gested that body build and menstrual function in women
represent important determinants of bone loss [8].

In a second longitudinal study reported elsewhere,
BMD was measured 4 times over the course of a decade.
The study was initiated in 1990 among residents in a
mountain area, Miyama Village, also in Wakayama
Prefecture [9, 10]. In previous reports of the Miyama
study, rates of bone loss for the lumbar spine and
proximal femur were ascertained in men and women
over a 10-year period, and secular trends regarding bone
loss at these sites in Japan were clarified [5, 11].

In the present study, we observed changes to BMD in
participants in the Miyama study, and compared bone
changes between fast bone losers and normal subjects, as
defined by the rate of bone change during the initial 3
years. This study aimed to address characteristics of fast
bone losers and to observe changes in BMD predictive
of prognosis for fast bone losers.

Materials and methods

This population-based epidemiological study, beginning in 1990,
was conducted in Miyama, a mountain village in Wakayama Pre-
fecture, Japan. As the Miyama cohort has been profiled in detail
elsewhere [9, 10], subject characteristics are only summarized briefly
here. A list of all inhabitants born in this village between 1910 and
1949 was compiled from the register of residents as of the end of
1989. A cohort of 1543 inhabitants (716 men, 827 women) was
identified, all of whom completed a 125-item self-administered
questionnaire covering daily activities such as dietary habits,
smoking habits, alcohol consumption and physical exercise.

From the above total cohort, a BMD cohort was recruited,
comprising 400 subjects, divided into four groups of 50 men and 50
women each, stratified for age according to decade of birth (1910-
1919, 1920-1929, 1930-1939, 1940-1949). No differences were ob-
served between BMD sub-cohorts and the total cohort with regard
to distribution of items such as smoking, alcohol consumption,
hours of sleep, exercise, walking, dietary habits or stress, as mea-
sured by the initial questionnaire [9]. In addition, mean values for
weight and height, and distribution of smokers, drinkers, and hy-
pertensives in the study population did not differ significantly from
those reported in a nationwide study [12].

A second questionnaire was administered to the 400 partici-
pants, covering items of past and family history, calcium intake,
dietary habits, physical exercise, occupational activities, sun expo-
sure, and reproductive variables in women. All subjects provided
informed consent to participate in the study.

Baseline measurement of BMD was undertaken in 1990. Dual
energy X-ray absorptiometry (DXA; Lunar DPX, GE Medical
Systems LUNAR, Madison Wisc., USA) was used to measure
BMD, providing antero-posterior images at both lumbar vertebrae
L2-1L4 and the proximal femur. In addition to BMD measurement,

physical measurements of height (cm) and body weight (kg) were
made, and body mass index (BMI, kg/m?) was calculated. BMD
measurements were repeated on the same participants after 3, 7 and
10 years (1993, 1997 and 2000).

To control for precision of DXA, the apparatus was checked at
every examination in 1990, 1993, 1997 and 2000 using the same
phantom, and the BMD of the phantom was regulated to within
1.270+0.025 g/em® (2%) during examinations. All participants
were examined by the same medical doctor, to remove inter-ob-
server variability. Intra-observer variability of DXA (Lunar DPX)
had been measured in vitro and in vivo for the previous study [13],
using the same doctor. CV% for L2-1L4 in vitro was 0.35%, while
in vivo values of CV% for L2-L4, proximal femur and total hip,
examined in five male volunteers, were 0.61-0.90% and 1.02—
2.57%, respectively.

Annual rates of change in BMD over the 3-, 7- and 10-year
periods were calculated and classified by sex and age stratum. Fast
bone losers were defined as those subjects within the greatest tertile
for the distribution of bone loss in the 1990-1993 period. To ex-
plore the influence of bone loss on subsequent BMD, bone loss rate
and BMD for the lumbar spine and proximal femur in 1997 and
2000 were assessed and compared between fast bone losers and
normal subjects.

Statistical analysis

Statistical analyses were performed using SPSS statistical software
(SPSS, Chicago, Ill., USA) and the STATA statistical package
(STATA Corp., College Station, Tex., USA). Differences were
tested for statistical significance using analysis of variance (ANO-
VA) for comparisons between multiple groups and Scheffe’s least
significant difference test between pairs of groups. To control the
confounding factors in the assessment of rates of change, analysis
of variance covariance (ANCOVA) was utilized.

Results

Of the 400 participants at the time of the initial survey
performed in 1990, evaluation of changes to BMD over
3 years was completed in 360 (171 men, 189 women;
90.0%). Forty participants were ineligible for investi-
gation of annual change in BMD between 1990 and
1993; ten had died (eight men, two women), five had
moved (three men, two women), and 25 declined to
participate or were away from the area at the time of
follow-up (18 men, seven women). Five men and 16
women had undergone treatment for osteoporosis in the
past, but in all cases, these individuals had been treated
medically with calcium and/or vitamin D tablets only.
Therefore, these subjects were included into analysis.

The greatest tertile of the final 360 subjects in the
distribution of bone loss, as calculated by BMD ob-
tained in the 1990 and 1993 surveys, was categorized as
fast bone losers (57 men, 63 women). The remaining
subjects were considered normal subjects. Table 1 shows
sex and age distributions of subjects for each group.
Mean values for rates of bone change at the lumbar
spine and femoral neck in normal subjects were signifi-
cantly higher than those of fast bone losers (P <0.001)
among both men and women.

Mean age of men displaying fast bone loss at the
lumbar spine was 61.8 years, 4.8 years older than normal
subjects (P <0.01). Mean age of men demonstrating fast
bone loss at the femoral neck was 60.0 years, 2.0 years



Table 1 Comparisons of
physical characteristics and
BMDs at the initial survey
between normal subjects and
fast bone losers in men and
women. Mean (SD)

*Subjects who had not reached
the menopause were excluded
Significantly different from
values of the group of normal
subjects (*P<0.05, **P<0.01,
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Lumbar spine

Femoral neck

Normal Fast bone Normal Fast bone

subjects losers subjects losers
Men
n 114 57 114 57
Age (years) 57.0 (10.7)  61.8 (11.7)** 58.0 (11.3)  60.0 (11.0)
Height (cm) 162.0 (6.5) 159.9 (7.1) 161.5 (7.0) 161.0 (6.5)
Weight (kg) 59.2 9.1) 54.0 (8.6)*** 57.6 (9.7) 57.3 (8.2)
BMI (kg/m?) 22.5(2.5) 21.0 (2.5)%** 22.0 (2.6) 22.1 (2.6)
BMD at initial survey (g/cm?) 1.13 (0.20) 1.05 (0.19)** 0.87 (0.14)  0.88 (0.14)
Annual rate of bone change 0.50 (0.97) —1.80 (0.82)*** 0.66 (1.34) —1.91 (1.00)***

from 1990 to 1993 (%/year)

Women
n 126 63 126 63
Age (years) 58.8 (11.3)  59.2 (10.0) 56.9 (10.5)  62.9 (10.6)***
Height (cm) 148.5 (6.0) 148.3 (5.9) 149.1 (5.7) 147.2 (6.3)*
Weight (kg) 49.9 (8.7) 47.3 (7.3)* 49.9 (7.6) 47.3 (9.5)*
Menarche (years) 16.2 (2.0) 16.5 (2.0) 16.1 (1.9) 16.7 (2.2)*
Age at menopause (years)© 48.6 (4.8) 49.0 (4.3) 48.6 (4.6) 49.1 (4.7)
Years since menopause (years) " 14.3 (9.7) 11.2 (10.6) 12.0 (9.4) 15.1 (11.1)
BMD at initial survey (g/cm? 0.97 (0.25)  0.91 (0.19) 0.75(0.14)  0.72 (0.14)
Annual rate of bone change 0.08 (1.20) =2.72 (1.30)*** 0.57 (3.02) —2.78 (1.47)***

from 1990 to 1993 (%/year)

#46P <.001)

older than normal subjects. However, this difference was
not significant. Mean age of women did not differ sig-
nificantly between those displaying fast bone loss at the
lumbar spine (59.2 years) and normal subjects (58.8
years). By contrast, mean age of women demonstrating
fast bone loss at the femoral neck was 62.9 years, 6.0
years older than that of normal subjects (P <0.001;
Table 1).

Table 1 also demonstrates the characteristics of fast
bone losers and normal subjects at the baseline study.
Regarding body build, mean values for weight and BMI
in men and women displaying fast bone loss at the
lumbar spine were significantly lower than those of
normal subjects (P <0.001). Similarly, mean weight for
female fast bone losers at the femoral neck was sig-
nificantly less than that of normal women (P <0.05).
Menstrual status of fast bone losers, including age at
menarche, age at menopause, and years since meno-
pause, was compared to that of normal subjects. Al-
though mean age at menarche was higher in fast bone
losers at the femoral neck compared to normal women
(P<0.05), no significant difference in mean age at
menopause was observed between the two groups
(Table 1).

Of the 360 subjects who participated in both the
initial survey and the 1993 follow-up, 326 subjects (149
men, 177 women; 90.6%) participated in the 1997 fol-
low-up survey, and 291 (130 men,161 women; 80.8%)
completed the 2000 follow-up survey. Among the men,
11 normal subjects (9.7%) and 11 fast bone losers at the
lumbar spine (19.3%) could not be measured for BMD
in 1997, while 25 normal subjects (21.9%) and 16 fast
bone losers (28.1%) could not be measured in 2000. In
women, seven normal subjects (5.6%) and five fast bone
losers (7.9%) could not be measured in 1997, while 21
normal subjects (16.7%) and seven fast bone losers

(11.1%) could not be measured in 2000. Drop-out rates
for each site did not differ significantly between nor-
mal subjects and fast bone losers in either men or
women.

Over the course of the 7 years between 1993 and 2000,
23 men and 12 women died. Deaths among men in-
cluded 12 normal subjects (10.5%) and 11 fast bone
losers (19.3%) at the lumbar spine, and 17 normal
subjects (14.9%) and six fast bone losers (10.5%) at the
femoral neck. No differences in cumulative mortality
were observed between normal subjects and fast bone
losers. Among women, deaths comprised seven normal
subjects (5.6%) and five fast bone losers (7.9%) at the
lumbar spine, and eight normal subjects (6.4%) and four
fast bone losers (6.4%) at the femoral neck. Again, no
difference in cumulative mortality was observed between
normal subjects and fast bone losers.

Figures 1 and 2 compare annual rates for bone loss at
the lumbar spine (L2-L4; Fig. 1) and femoral neck
(Fig. 2) between fast bone losers and normal subjects.
To avoid “‘regression to the mean”, figures illustrate

°2/olgr Men "go/é/r Women
- Fekok - | vy |
1.0{ | ] T 101 |
0.0 0.0
-1.0 -1.01 l l
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'23 [] normal '28
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1990-93 93-97 97-2000 1990-93 93-97 97-2000

***:p<0.001

Fig. 1 Comparison of rates of BMD change at lumbar spine L2-1.4
between normal subjects and fast bone losers in men and women.
Values were adjusted for rate of change for 1990-1993
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Fig. 2 Comparison of rates of BMD change at femoral neck
between normal subjects and fast bone losers in men and women.
Values were adjusted for rate of change for 1990-1993

results after adjustment for rate of change for 1990—
1993. Mean rates (SD) of lumbar BMD change in men
were 0.56 (1.4) %/yr in fast bone losers and 0.38 (1.3) %/
yr in normal subjects for 1993-1997, and 0.26 (1.5) %/yr
in fast bone losers and 0.04 (1.4) %/yr in normal subjects
for 1997-2000. In women, rates were —0.59 (1.8) %/yr in
fast bone losers and —0.51 (1.8) %/yr in normal subjects
for 1993-1997, and —0.58 (2.3) %/yr in fast bone losers
and —0.90 (2.3) %/yr in normal subjects for 1997-2000.
Mean rates (SD) of femoral neck BMD change in men
were —0.14 (1.4) %/yr in fast bone losers and —0.48 (1.4)
% /yr in normal subjects for 1993-1997, and —0.88 (2.8)
%/yr in fast bone losers and —1.1 (2.8) %/yr in normal
subjects for 1997-2000. In women, rates were —0.93 (1.7)
% /yr in fast bone losers and —0.52 (1.7) %/yr in normal
subjects for 1993-1997, and —1.2 (2.4) %/yr in fast bone
losers and —0.45 (2.4) %/yr in normal subjects for 1997—
2000. These figures demonstrate that fast bone losers as
defined in the 1990-1993 period no longer met the cri-
teria for fast bone losers in 1993-1997 or 1997-2000 at
any site.

Figures 3 and 4 show comparisons between fast bone
losers and normal subjects with regard to changes in
BMD at the lumbar spine (L2-L4; Fig. 3) and femoral
neck (Fig. 4) over the 10-year period, after adjustment
for age. For men, mean lumbar BMD(SD) in 1993, 1997
and 2000 was 1.00 (0.20), 1.01 (0.21), and 1.02 (0.22) g/
cm?, respectively, in fast bone losers; and 1.14 (0.20),

g/cm? Men g/lcm>  Women
1.4 1.2
1.31 I [ ] ] 111 ] I [ I
1.21 1.0

.___..——I-—-I .
111 T 3 F 1| os- :_(‘1.\']\']
1.0 l 0.8 l l IR 1
0.91 l l | 0.7 l 1
0-:/ 062

19901993 1997 2000
**%:0<0.001,**:p<0.01, *:p<0.05

1990 1993 1997 2000
—a— normal
—e— fast loser

Fig. 3 Comparison of BMD at lumbar spine L2-L4 between
normal subjects and fast bone losers in men and women, after
adjustment for age
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Fig. 4 Comparison of BMD at femoral neck between normal
subjects and fast bone losers in men and women, after adjustment
for age

1.16 (0.21) and 1.15 (0.22) g/cm?, respectively, in normal
subjects. For women, mean lumbar spine BMD(SD) in
1993, 1997 and 2000 was 0.84 (0.18), 0.82 (0.18) and 0.81
(0.18) g/cm?, respectively, in fast bone losers; and 0.98
(0.18), 0.94 (0.18) and 0.93 (0.18) g/cm?, respectively, in
normal subjects. For men, mean femoral BMD(SD) in
1993, 1997 and 2000 was 0.84 (0.12), 0.84 (0.14) and 0.81
(0.15) g/cm?, respectively, in fast bone losers; and 0.88
(0.12), 0.86 (0.14) and 0.83 (0.15) g/cmz, respectively, in
normal subjects. For women, mean femoral BMD(SD)
in 1993, 1997 and 2000 was 0.70 (0.10), 0.70 (0.11) and
0.68 (0.12) g/cm?, respectively, in fast bone losers; and
0.74 (0.10), 0.71 (0.11) and 0.70 (0.13) g/cm?, respec-
tively, in normal subjects. Mean BMD for fast bone
losers was significantly lower than that for normal sub-
jects in both men and women at the lumbar spine, but no
significant differences were observed at the femoral neck
except in 1993. Differences in lumbar spine BMD be-
tween normal subjects and fast bone losers remained in
both men and women even after adjusting for age, body
weight, height and history of osteoporosis at the 1990
baseline.

Discussion

In the present study, age-based cohorts from a single
village were categorized as either fast bone losers or
normal subjects according to annual rate of change of
BMD between 1990 and 1993. BMD changes over the
following 7 years were monitored. The characteristics of
fast bone losers and the courses of BMD in both fast
bone losers and normal subjects were clarified.

Fast bone losers were first reported by Christiansen
et al. [4] in 1987, and have been recognized as a high-risk
group for osteoporosis. As bone loss is typically
asymptomatic, population surveys are needed to esti-
mate prevalence of fast bone losers and clarify associ-
ated characteristics. However, few longitudinal studies
have been performed in Japan [5]. In the aforementioned
study by Christiansen et al. [4], radial bone mass was
determined in 178 female volunteers using single photon
absorptiometry. Since selection criteria for participants,



measurement instruments, and sites of measurement
differed between the Christiansen study and ours, the use
of identical criteria to define fast bone losers might be
unfeasible. The present study therefore categorized fast
bone losers as those subjects in the greatest tertile of
bone loss distribution. Characteristics and temporal
course of BMD were compared between fast bone losers
and normal subjects.

Before evaluating rate of bone loss, the phenomenon
of “regression to the mean” should be considered.
“Regression to the mean” refers to the phenomenon by
which a variable that is extreme on first measurement
will tend to be closer to the centre of distribution on
later measurements [14]. To avoid this confounding
factor in the assessment of rates of change, ANCOVA
was utilized and rate of bone change was obtained after
adjusting for the initial (from 1990 to 1993) rate of bone
change.

We demonstrated differences in physical characteris-
tics between fast bone losers and normal subjects. Mean
BMI and body weight were significantly lower in fast
bone losers than in normal subjects, except when com-
paring results for the femoral neck in men. Body com-
position of fast bone losers is thus significantly lighter
than that of normal subjects. This relationship remained
after adjustment for age. Body composition represents
an important determinant of BMD and BMD change in
women [5, 7, 8]. Tsunenari et al. found that changes in
body weight contributed to the rate of change in BMD
in postmenopausal women [15]. Tremollieres et al.
demonstrated that excess weight protects against post-
menopausal weight loss [16]. Hannan et al. noted in the
Framingham Osteoporosis Study that thinness and
weight loss were associated with bone loss in elderly
individuals [17]. Dennison et al. indicated that decreased
anthropometric measurements were not only associated
with bone loss in women, but also in men [18]. The re-
sults of the present study, indicating that fast bone losers
display lower body weight, are consistent with earlier
studies.

The course of annual rates of bone loss showed, for
all sites and genders, that fast bone losers defined in the
1990-1993 period no longer met the criteria for fast bone
losers in later examinations. This means that fast bone
loss apparently represents a transient phenomenon, ra-
ther than a fixed status. Conversely, BMD for fast bone
losers at the lumbar spine was always lower than that of
normal subjects, in both men and women. This result
was observed only at the lumbar spine, not at the fem-
oral neck. Although fast bone loss might represent a
transient phenomenon, individuals who have been cat-
egorized as fast bone losers at some stage continue to
display low BMD. This tendency remained even after
adjusting for age, weight, height and history of treat-
ment for osteoporosis. This might indicate that BMD
values at the lumbar spine of fast bone losers display
tracking. Tracking is defined as the persistence over time
of rank for a variable in an individual compared to peers
[19]. The term is sometimes used in epidemiological
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studies in blood pressure, and the hypothesis that high
blood pressure in adulthood is a direct result of high
blood pressure in childhood might represent an example
of tracking [20]. In the present study, the period of
observation was only 10 years, which may well be too
short to identify tracking. However, the concept of
tracking has been utilized in predicting future values of
variables from early measurements, so the results of the
present study might be useful for future prevention of
osteoporosis. At the very least, once a subject is cate-
gorized as a fast bone loser at the lumbar spine, they
should be considered at high risk of osteoporosis and
followed carefully.

While fast bone losers at the lumbar spine displayed
continued low BMD, fast bone losers at the femoral
neck tended to display higher BMD than normal sub-
jects in follow-ups. We have previously reported trends
for bone loss at the lumbar spine and femoral neck in the
same subcohort of the Miyama study [11]. In that re-
port, we concluded that bone loss at the femoral neck
progressed with age, while BMD change at the lumbar
spine was greatest among women in their 40s and 50s.
These results show that bone loss differs with the site
involved. The results of the present study suggest that
fast bone losers in the femoral neck may be able to stop
losing BMD up to the threshold for hip fractures. We
have also compared rates of bone loss rate between
British and Japanese populations, and concluded that
rate of bone loss among the Japanese population was
less than that in the British population [21]. These results
may help to explain the relatively low incidence of hip
fracture in the Japanese population.

Our study identified no differences in cumulative
mortality between fast bone losers and normal subjects
over the 7 years of follow-up. However, observations
should be continued to ascertain whether fast bone loss
influences incidence of bone fractures, changes to quality
of life or mortality.
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