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Abstract

Objective: The aims of this study were to investigate trends in bone mineral density (BMD) loss and related factors in
early postmenopausal women in Japan, identify risk factors for future osteoporosis, and predict osteoporosis before it occurs.

Methods: The study population consisted of women who were 50 to 54 years old at the time of the survey in 2002 or
2006. The study included a questionnaire and physical measurement findings (BMD, height, body weight [WT], body
mass index [BMI], and handgrip strength). One hundred sixty-seven women continued to participate in the study and
had BMD measurements at the 9- or 10-year follow-up of the Japanese Population-based Osteoporosis study. Statistical
analyses were performed using Pearson correlation to examine each factor of physical measurement and BMD for lum-
bar spine (LS) and femoral neck (FN). The receiver operating characteristic curve of this data was also predictive of os-
teoporosis in 2011 for 2002 data; BMD at the age of 50 to 54 years was then used to predict the likelihood of being di-
agnosed with osteoporosis 9 and 10 years later.

Results: At the baseline in 2002 and 2006, WT, BMI, height, and handgrip strength were positively correlated with
BMD. The optimal cutoff values for BMD in 2006 to predict osteoporosis in 2016 were LS less than 0.834 g/cm? and FN less
than 0.702 g/cm?. These data were also predictive of osteoporosis in 2011 for 2002 data; applying this to the 2002 data, LS/
FN had a sensitivity of 92%/100%, a specificity of 87%/81%, a positive predictive value of 55%/48%, and a negative pre-
dictive value of 98%/100%. The larger WT and BMI also resulted in a greater decrease in BMD of FN after 9 or 10 years.

Conclusions: We have identified a cutoff value for BMD to predict future osteoporosis in menopausal women and found
a negative correlation between WT and BMI in menopausal women and changes in BMD of the FN over the next 10 years.
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steoporosis is a condition with an increased risk of fra-

gility fractures. When fractures of the lumbar spine (LS)

or femoral neck (FN) occur because of osteoporosis,
there is a simultaneous decline in physical function, activities
of daily living, and quality of life." Bone mineral density
(BMD) is one of the most important indicators for screening
the risk of osteoporosis and fragility fractures. In Japan, the first
step in diagnosing osteoporosis is to check for fragility frac-
tures. A proximal femoral or vertebral fracture is considered os-
teoporosis, whereas a fragility fracture other than a proximal
femoral or vertebral fracture is considered osteoporosis if the
BMD is less than 80% of the young adult mean (YAM). In the
absence of fragility fractures, osteoporosis is present if BMD
is less than 70% of YAM or —2.5 SD. Depending on the site be-
ing measured, there is a large discrepancy between YAM70% and
—2.5 SD. It is difficult to detect the risk of osteoporosis or fragility
fracture by oneself in advance because it is often asymptomatic,
even when BMD decreases. Decreased BMD and aging are both
risk factors for osteoporosis, and the number of osteoporosis pa-
tients is expected to rise in Japan, where the population is aging
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rapidly. According to previously published population-based co-
hort studies in Japan, the estimated number of patients with LS
osteoporosis in the Japanese population 40 years and older was
approximately 6.4 million (800,000 men and 5.6 million women),
and the estimated number of patients with FN osteoporosis was
approximately 10.7 million (2.6 million men and 8.1 million
women).>> However, in Japan, the rate of osteoporosis screen-
ing is low, and many osteoporosis patients are given a diagnosis
after a fracture. It has been shown that fragility fractures due to
osteoporosis directly impact life expectancy, but being osteopo-
rotic and having low BMD also increase the risk of death.*”

To date, various studies have been conducted to elucidate the
causes of osteoporosis and the factors that control it, resulting in
identifying therapeutic targets and the development of therapeu-
tic agents. However, in Japan, which has become a super-aged
society ahead of the rest of the world, it is extremely important
to prevent osteoporosis in the future, treat osteoporosis, and
search for factors that cause BMD loss.

BMD in women does not fluctuate significantly from their
20s to late 40s, and healthy women without underlying diseases
are not at a high risk of osteoporosis. However, a rapid decrease
in estrogen after menopause leads to a significant decrease in
BMD, and the rapid decrease is said to last for about 10 years.*’
Therefore, even if BMD is not low enough to meet the diagnos-
tic criteria for osteoporosis during the perimenopausal period
but does begin to decline, there is a high possibility that osteopo-
rosis will be diagnosed in the future because of a further decline
in BMD after menopause. In addition, even if BMD is not low in
the perimenopausal period, if there are factors that increase
BMD loss, there is a high possibility that osteoporosis will be di-
agnosed in the future because of postmenopausal BMD loss.
Therefore, if we can identify women at a high risk of osteoporo-
sis at the time of perimenopause when BMD is thought to begin
to decline, we can intervene at an earlier stage by raising aware-
ness and providing lifestyle guidance and thus prevent osteopo-
rosis in the future.

FRAX is a predictive tool for fragility fractures associated
with osteoporosis.' FRAX uses an algorithm based on risk fac-
tors obtained from a meta-analysis of cohort studies worldwide
to identify individuals at a high risk of fracture and provide an
index for therapeutic intervention. In Japan, FRAX was incor-
porated into the revised “Guidelines for the Prevention and
Treatment of Osteoporosis” in 2011. However, more than 90%
of Japanese women older than 75 years have a 15% FRAX frac-
ture probability, so although FRAX is added to the criteria for
initiating treatment, the target population is limited to those
younger than 75 years.'!

Therefore, we focused on the data collected in the Japanese
Population-based Osteoporosis (JPOS) cohort study, an epide-
miological study that started in 1996 to prevent osteoporosis
in women in Japan, that captures the characteristics of Japanese
women.'? The reason for focusing on these data is that multiple
follow-up studies have been conducted on the same case since
1996. One of the main objectives of the JPOS study was to es-
tablish a cutoff value of BMD for the diagnosis of osteoporosis
in Japanese women. In 2001, Iki et al'® published the cutoff

values of BMD by measurement site in Japanese women. The
cutoff values set from the World Health Organization criteria
and the data obtained in the JPOS study showed no difference
to a fourfold to fivefold difference depending on the site. Ac-
cording to the data obtained in this study, which is more charac-
teristic of Japanese women, the decline in BMD began to become
more pronounced in their 50s.

In this study, to examine risk factors for osteoporosis, we an-
alyzed cases that participated in the survey in their early 50s,
when BMD is expected to start declining, and also participated
in the survey 9 to 10 years after menopause when BMD decline
is expected to be significant.

METHODS

The JPOS cohort study

The JPOS cohort study, a large-scale epidemiological study
using a representative sample of Japanese women, is still ongo-
ing to clarify the actual status of osteoporosis. The JPOS study
has previously defined and published age-specific reference
values for BMD in Japanese women, and the World Health Or-
ganization and the Japanese Society for Bone and Mineral Re-
search criteria for BMD are used for the diagnosis of osteoporo-
sis.'® The JPOS study began in 1996 with a survey of 50 ran-
domly selected women aged 15 to 79 years in seven Japanese
cities, divided into five age groups and 650 women per district,
for 4,550 women. The number of survey targets has not been in-
creased since then, and follow-up surveys were conducted in
1999, 2002, 2006, 2011, and 2016 in cities where cooperation
was obtained and ongoing. In the 1996 survey, the survey items in-
cluded BMD measurement by dual-energy x-ray absorptiometry
(DEXA) and vertebral deformity determination, general examina-
tion and bone metabolism marker measurement by a blood test,
bone metabolism marker measurement by a urine test, confirma-
tion of medical history by interview, and hearing about the life his-
tory and calcium intake. In the follow-up survey, in addition to
BMD measurement by DEXA and vertebral deformity determina-
tion, body composition measurement was added from the 2011
survey, and exercise capacity tests, such as handgrip (HG) strength
and 10-m walking speed, were added from the 2011 survey, and ar-
terial stiffness test was added from the 2006 survey.

Participants

The study population consisted of 235 women aged 50 to
54 years who participated in the JPOS follow-up surveys in
2002 and 2006. Of these, 167 women whose BMD was still be-
ing measured 9 to 10 years later were also examined for changes
in BMD. The number of people who could participate in the 2011
follow-up survey might have been reduced because of the earth-
quake that occurred in Japan in 2011. The background of the
study participants is shown in the Table 1. In the interview, we
asked about menopause, history of preference, hormone therapy
up to the survey time, and history of fracture of the own mother
at 50 years or older. Menopause was defined as amenorrhea of
1 year or more, and menstrual irregularities in the perimeno-
pausal period were included in menstruation. Habitual smokers
were counted according to whether they never smoked or had
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TABLE 1. The baseline characteristics of participants in the 2002 and
2006 follow-up surveys

2002 survey 2006 survey
No. subjects 137 98

Age, mean (SD), y 52.6 (1.47) 52.6 (1.44)
Height, mean (SD), cm 154.0 (4.65) 154.3 (4.88)
Weight, mean (SD), kg 56.2 (9.26) 56.2 (8.80)
BMI, mean (SD), kg/m? 23.7(3.70) 23.6 (3.54)
Postmenopausal women, n (%) 100 (73.0) 64 (65.3)
Current smokers, n (%) 10 (7.3) 7(7.1)

Habitual drinkers, n (%) 57 (41.6)  33(33.7)
‘Women with a history of hormone therapy, n (%) 22 (16.1) 18 (18.4)
Women with a history of fragility fractures in their 34 (24.8) 24 (24.5)

own mother at 50 years or older, n (%)

BMI, body mass index; HT, height; WT, weight.

smoked, and the number of cigarettes smoked and whether or not
they had quit smoking were not taken into account.

Similarly, habitual drinkers were counted based on whether
they never or ever drank alcohol and not on the amount of alcohol
they drank per day, how often they drank, or whether they
abstained from alcohol for a period. We do not consider when,
what drug, route of administration, or duration of hormone ther-
apy ever received. The design of the JPOS study reduces the num-
ber of people surveyed each year; the most recent follow-up data
for the JPOS study are from 2016, and the next most recent is from
2011. The city in which the JPOS study was being conducted and
the year in which the study was conducted limit the number of
cases for which data can be extracted to ages 50 to 54 years and
about 10 years after that. This analysis compared the 2011 data
as follow-up data with the 2002 baseline data and the 2016 data
as follow-up data with the 2006 baseline data. Because of the small
number of cases in the 2016 data alone, we decided to use the 2011
data, so the study population was the same as above.

All participants provided written informed consent before
participating in the study. The ethics committee approved the
study protocol of the Faculty of Medicine, Kindai University,
which reviewed the research for scientific rationality and ethical
considerations following the ethical principles of the Declara-
tion of Helsinki.

BMD measurement

BMD (g/cm?) was measured by a certified radiological tech-
nologist using a single DEXA scanner at the LS (L2-L4) and
right FN (QDR4500A; Hologic, Inc, Bedford, MA). To obtain
BMD values at the LS, we excluded vertebrae with fractures or
degenerative changes causing an increase of more than 1 SD in
BMD than the BMD of immediately adjacent vertebrae follow-
ing the International Society for Clinical Densitometry rules.'*
The in vivo short-term precision (coefficient of variation [CV])
values of the BMD measurement calculated based on five mea-
surements collected on different days from each of the five volun-
teers were 1.2% and 1.2% for the spine and FN, respectively.'?

A DEXA was used in all seven cities, so there is no difference
between the study sites. The in vivo reproducibility of a BMD,
represented by CVs, was 1.04% for a BMD at the LS and
1.10% for a BMD at the FN."* An LS phantom was scanned daily
before and after study measurements for quality control purposes
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(0.40%, in vitro CV). No remarkable drift in the BMD value of
the phantom was observed during the study period.

The cutoff values for the diagnosis of osteoporosis in Japanese
women were based on previous reports, with BMD correspond-
ing to 70% of YAM and —2.5 SD in T score: 0.722 g/cm? and
0.759 g/em? for LS and 0.561 g/em? and 0.536 g/cm? for FN."
Recalculating the respective YAM70% BMD to T score, the LS
BMD of 0.722 g/em® was —2.83486, and the FN BMD of
0.561 g/em? was —2.26415.

Body measurements

Height (HT) and weight (WT) were measured using an auto-
matic scale. BMI (kg/m?) was calculated as WT divided by HT
squared. HG strength (kg) was measured using a digital HG
strength dynamometer, and the CV was 3.62%. Participants were
asked to squeeze the dynamometer with maximum effort; two at-
tempts were made with each hand.'> The maximum value (in
0.1 kg) and the average of the values were used for this study.
The HG was measured twice, once on the left and once on the
right, and the one with the higher value was used.

Analysis methods

First, we used the data from 2002 and 2006 as a baseline anal-
ysis to examine the correlation between BMD and the results of
physical measurements.

Next, we used the data from 2006 to 2016 as a training set and
the data from 2002 to 2011 as a test set to calculate a cutoff value
to predict future cases of osteoporosis. The cutoff value was de-
termined from the receiver operating characteristic (ROC) curve
to determine the number of patients who did not have osteopo-
rosis in 2006 but would have osteoporosis in 2016. Next, we ex-
amined whether the cutoff value determined in the training set
could be reproduced in the test set to predict future osteoporosis.

Similarly, we analyzed the FN BMD of the patients who were
50 to 54 years old in 2006, compared it with that in 2016, calcu-
lated the cutoff value for osteoporosis after 10 years, and applied
it to the 2002 data to see whether future osteoporosis could be
predicted. The T score corresponding to this cutoff value was
calculated using the mean BMD values and standard deviations
of young women reported in the JPOS study."?

Finally, we examined the association between baseline physi-
cal measurements at 50 to 54 years old and BMD change 10 years
later. The amount of change in BMD was calculated from the dif-
ference in data. The rate of change in BMD was calculated from
the percentage of decrease based on the BMD at baseline.

Statistical analysis

Heat maps were drawn using R version 3.2.2 (a language and
environment for statistical computing, https://www.R-project.
org/). Statistical computations were performed using GraphPad
Prism version 9. Pearson correlation was used to examine each
factor and the BMD of LS and FN. Regression equations were
also calculated. The ROC curves for BMD at ages 50 to 54 years
were used to predict the likelihood of being given a diagnosis of
osteoporosis 9 and 10 years later, with LS 0f 0.722 g/m? and FN
0f 0.536 g/m? to predict the likelihood of being given a diagno-
sis of osteoporosis 9 and 10 years later. Set as the cutoff, the

© 2022 The Author(s)
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ROC curve with Youden's index as the maximum, “sensitivity —
(1 — specificity)” was used to examine the results.'® Youden's in-
dex was calculated using the cutoff value at the BMD value at
which each of the [sensitivity + (1 — specificity)] values was
the largest. A P value less than 0.05 was considered statistically
significant for all studies.

RESULTS

The number of participants aged 50 to 54 years in 2002 was
137, and the number of participants aged 50 to 54 years in 2006
was 98. The baseline characteristics (the means and standard devi-
ations of age, HT, WT, and BMI) of 137 participants in the 2002
follow-up survey and 98 participants in the 2006 follow-up survey
are shown in the Table, and there was no bias between the groups.
The percentages for being menopausal, having smoked, having
a drinking habit, having taken hormone therapy, having a birth
mother older than 50 years, and having had a fracture, as con-
firmed by questionnaires respectively, are also shown in the
Table, with no bias between groups.

To examine the correlation with BMD, we plotted all measure-
ments and BMD and drew an approximate line. The significant
correlations are shown in (Supplemental Figures 1 to 4, http://
links.lww.com/MENO/A986, http:/links.lww.com/MENO/A987,
http://links.Iww.com/MENO/A988, http://links.lww.com/MENO/
A989). In the 2002 and 2006 data, LS (Fig. 1A, B) and FN

2006 (n=98) r
s B |
HT [Ty o.13
WT NSRRI R T BTN 0.39 ++»
aM1 TR AR TN 0.36 ===
HG-ave [|[[HIFF] | TN 0.30 *+
HG-max [T DI AR gy 024 *
A
2006 (n=98) r
FN I 1
HT IR T O R 0.17
WT (SN TR 0.47 wes
BMI [FIRREE AT YR 0.42 +++
HG-ave [l ! [EI0T 0.32 *+
HG-max [T IR RITET 0.26 =+
C
= T e s
LS (g/cm? FN (g/cm? HT (cm)
Do e
I 1482 0608 0.989 0.460 166 140

(Fig. 1C, D) were positively correlated with WT (» = 0.32,
P < 0.001), BMI (r = 0.25, P < 0.01), mean HG strength
(r=0.34, P <0.001), and maximum HG strength (» = 0.34,
P < 0.001) with significant differences. In 2002, it was also
positively correlated with HT (» = 0.23, P <0.01).

In addition, LS BMD decreased significantly over the 10-year
period from baseline and included those without osteoporosis
(<0.722 g/em? or <0.759 g/cm?) in 2006 but given a diagnosis
of osteoporosis in 2016 (Fig. 2A). Therefore, we drew an
ROC curve in 2006 to determine whether LS BMD could pre-
dict whether LS BMD would be osteoporotic (<0.722 g/cm?
or <0.759 g/cm?) 10 years later.

The optimal cutoff value for LS BMD in 2006, when LS BMD
would be less than 0.722 g/cm? or less than 0.759 g/cm? in 2016,
was less than 0.834 g/cm? (T score = —1.8) or less than
0.867 g/em? (T score = —1.5). The optimal cutoff value for LS
BMD in 2006 was less than 0.834 g/cm? (T score = —1.8), with
a sensitivity of 100%, a specificity of 91%, a positive predictive
value of 50%, and a negative predictive value of 100% (<0.867 g/
cm? [T score = —1.5], with a sensitivity of 81%, a specificity
of 90%, a positive predictive value of 65%, and a negative pre-
dictive value of 95%) (Fig. 2A).

Therefore, we examined whether this cutoff value (<0.834 g/cm?)
was also applicable to the change from 2002 to 201 1. The sensitivity
was 92%, specificity was 87%, positive predictive value was

2002 (n=137) r
Lsh
HT TR I 0.23 ==
W [ S ST T DGO 0.32 =+
M1 (I AR A 0.25 =+
HG-ave [l I IRIMINNIMEMERRTI ] 0.34 >+
B HG-max IRV MDA 0-34 ===
2002 (n=137) r
NI 1
HT IR DR T 0.25 *+
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LS; lumber spine

FN; femoral neck

HT; height

WT; body weight

BMI; body mass index

HG-ave; mean handgrip strength

HG-max; maximum handgrip strength

FIG. 1. Baseline analysis. Correlations between BMD and HT, WT, BMI, HG-ave, and HG-max at BMD in women aged 50 to 54 years. (A) Correlations are
shown by sorting by LS in 2006 (n = 98), (B) LS in 2002 (n= 137), (C) FN in 2006, and (D) FN in 2002. BMD, bone mineral density; r, Pearson correlation

coefficient. *P < 0.05, **P < 0.01, ***P < 0.001.
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FIG. 2. Follow-up analysis of LS BMD. (A) Analysis of 84 patients who had BMD measurements in 2006 and 2016. Left: Women 50 to 54 years old in 2006
had a significantly lower LS BMD in 2016. The line of osteoporosis (<0.722 g/cm?) is shown. Middle (Left): LS BMD in 2006 in cases without osteoporosis
(>0.722) and cases with osteoporosis (<0.722) in 2016. The cutoff line for the diagnosis of osteoporosis (<0.759 g/cm?) is shown. Middle (Right): LS BMD in
2006 in cases without osteoporosis (>0. 759) and cases with 0steop0r051s (<0.759) in 2016. Right (Left): in the ROC curve, the cutoff (arrow) of LS BMD in
2006, when the Youden Index was maximum, was less than 0.834 g/cm?. Right (Right): in the ROC curve, the cutoff (arrow) of LS BMD in 2006, when the
Youden Index was maximum, was less than 0.867 g/cm?. (B) Analysis of 83 patients who had BMD measurements in 2002 and 2011. Left: LS BMD of
women 50 to 54 years old in 2002 was significantly lower in 2011. Middle (Left): cutoff less than 0.834, determined by the change in 2006 to 2016, was
applied to 2002. Middle (Right): cutoff less than 0.867, determined by the change in 2006 to 2016, was applied to 2002. BMD, bone mineral density; ROC,

receiver operating characteristic. ***P < 0.001.

55%, and negative predictive value was 98% (<0.867 g/cm [T
score = —1.5], with a sensitivity of 81%, a specificity of 81%, a
positive predictive value of 77%, and a negative predictive value
of 93%) for LS BMD less than 0.834 g/cm?® in 2002, and LS
BMD was osteoporotic (<0.722 g/cm?) in 2011 (Fig. 2B).

When we analyzed FN BMD in the same way as LS, we
found that the BMD significantly decreased in 10 years from
the age of 50 to 54 years (Fig. 3A), and when we drew an ROC
curve to examine whether we could predict that FN BMD would
decrease to the osteoporosis level (0.561 g/em? or 0.536 g/em?) in
10 years in 2006, we found that the optimal cutoff value for FN
BMD in 2006 was less than 0.702 g/cm? (T score = —0.9) or
0.676 g/cm? (T score = —1.2), with a sensitivity of 96%, a speci-
ficity of 79%, a positive predictive value of 63%, and a negative
predictive value of 98% (<0.676 g/cm? [T score = —1.2], with a
sensitivity of 100%, a specificity of 82%, a positive predictive
value of 57%, and a negative predictive value of 100%). When
we examined whether this cutoff value also applied to the change
from 2002 to 2011, we found that if the FN BMD was
0.702 g/cm? in 2002, the sensitivity was 100%, specificity was
81%, positive predictive value was 48%, and negative predictive
value was 100% (<0.676 g/cm? [T score = —1.2], with a sensitiv-
ity of 68%, a specificity of 82%, a positive predictive value of
26%, and a negative predictive value of 97%), and in 2011, the
FN BMD was osteoporotic (<0.561 g/cm? or <0.536 g/cm?)
(Fig. 3B).

Similarly, in the analysis of participants aged 50 to 54 years in
2002, none of the baseline physical measurements significantly
correlated with changes in LS BMD until 2011 (Fig. 4A). Sim-
ilarly, in the analysis of participants aged 50 to 54 years in 2002,
none of the baseline anthropometric results were significantly
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correlated with changes in LS BMD until 2011 (Fig. 4B). On
the other hand, for FN BMD, the larger the WT (r = —0.44,
P <0.001) and BMI (r=—0.43, P <0.001) in 2006, the greater
the decrease over the following 10 years (Fig. 4C). This trend
was replicated for WT (» = —0.36, P < 0.001) and BMI
(r=-0.34, P<0.01) in 2002 and for changes in BMD in FN over
the next 9 years (Fig. 4D). Similar to Figure 1, Figure 4 also cor-
relates with BMD changes in (Supplemental Figures 5 to 8, http://
links.lww.com/MENO/A990, http://links.lww.com/MENO/
A991, http://links.Iww.com/MENO/A992, http://links.lww.com/
MENO/A993).

DISCUSSION

Because BMD is greatly influenced by cultural and ethnic back-
ground, it is important to analyze a homogeneous population to
perform robust analyses.'” The JPOS cohort study is unique be-
cause repeated BMD measurements were performed on the
same cohort of Japanese women over a long period.'? Previously,
we reported a significant association between elevated levels of
perimenopausal bone metabolism markers and osteopenia of
the FN.'® In this study, we used more recent data and focused
our analysis on cases with a baseline of 50 to 54 years. This study
is unique in that we focused on the perimenopausal period, exam-
ined BMD changes over approximately 10 years, and validated
the results in two populations. In this study, we used the data from
2006 to 2016 as the training set and the data from 2002 to 2011 as
the test set and found that a BMD less than 0.834 g/cm? for LS
(Fig. 2) and a BMD less than 0.702 g/cm? for FN (Fig. 3) at the
age of 50 to 54 years would lead to osteoporosis 9 to 10 years
later. On the basis of the high negative predictive value of the test
set, it was found that if the cutoff was exceeded in the early 50s,

© 2022 The Author(s)
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osteoporosis would not occur after 10 years, but because the pos-
itive predictive value was about 50% for both LS and FN, if the
cutoff was less than 50% in the early 50s, osteoporosis would oc-
cur after 10 years in about half of the cases. The positive predic-
tive value for LS and FN is about 50%, so if the cutoff is less than
the cutoff in the early 50s, about half of the patients will develop
osteoporosis in 10 years. From these data, it can be said that
BMD screening in the early 50s in Japanese women can indicate
the risk of osteoporosis in the future more concretely.

When examining the association between body measure-
ments and BMD at baseline at 50 to 54 years old, HG strength
was positively correlated with BMD (Fig. 1), which is consistent
with the data reported in the JPOS study, indicating that muscle
strength is important for increasing BMD.'® Furthermore, HT
was also positively correlated with BMD (Fig. 1). This might be
why BMD and HT showed a correlation because a lack of growth
hormone has been reported to cause a decrease in BMD, and short
stature can be associated with a low level of growth hormone pro-
duction to the degree that is not considered pathological.***' How-
ever, HG strength and HT at baseline did not correlate with the
extent of the subsequent decline in BMD (Fig. 4).

Both WTand BMI at the age of 50 to 54 years were positively
correlated with BMD (Fig. 1). Smaller WT is a risk for osteopo-
rosis, whereas obesity has been thought to reduce the risk of os-
teoporosis.”"'#?%%3 This has been thought to be that weight-bearing
maintains bone strength because of the secretion of estrogen from
fat, which acts protectively on the bone. However, surprisingly,
in this study, the greater the WT and BMI, the more likely the
FN BMD tended to decrease from perimenopause to 10 years
(Fig. 4). In women with high WT and BMI, BMD is high in the
perimenopausal period of 50 to 54 years old (Fig. 1), so even if

BMD is checked in the perimenopausal period and it is similar
to the average, the risk of future osteoporosis cannot be deter-
mined because it is not known whether or not it is a value that
is decreasing significantly from the originally high value.

Few studies, such as the JPOS study, have measured BMD
multiple times in the same patient and examined BMD changes,
which might account for the difference between the previous re-
port and our data. Recently, an epidemiological study reported
that the risk of postmenopausal FN fracture increases in obese
women in the early postmenopausal period up to the age of
70 years.>* These data on fracture risk seem to be consistent with
the data we observed on changes in BMD. Recently, it was re-
ported that obesity-induced low-grade systemic inflammation is
accompanied by elevated tumor necrosis factor o, which induces
osteoclastogenesis and bone loss through pathways such as
RANKL.*?¢ In animal models, the chronic inflammatory envi-
ronment in the bone marrow in obesity induced by a high-fat diet
leads to increased adipocytes and bone resorption.?”*® It was also
shown that removing the ovaries in an obese rat model causes a
large decrease in BMD.?® Adipocytes and osteoblasts are derived
from a common progenitor cell, bone marrow—derived mesen-
chymal stem cells, and estrogen, which prevents their differentia-
tion into adipocytes and promotes their differentiation into osteo-
blasts.**3? Therefore, obesity during the postmenopausal period,
when estrogen levels are low, might increase the tendency for ad-
ipocytes and osteoblasts to decrease in the bone marrow, which in
turn may promote bone loss. The results of these basic studies
also support our data.

A limitation of this study is that it is difficult to draw defini-
tive conclusions because it is an analysis of a relatively small
number of cases: 84 cases from 2006 to 2016 and 83 cases from
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FIG. 4. Follow-up analysis. Correlation between the amount or rate of change in BMD in women aged 50 to 54 years after 9 or 10 years and HT, WT, BMI,
HG-ave, and HG-max at BMD measurement in women aged 50 to 54 years. (A) Sorted by the amount of change in LS from 2006 to 2016 (n = 84). (B) Sorted
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BMD. r, Pearson correlation coefficient. BMD, bone mineral density. *P < 0.05, **P < 0.01, ***P < 0.001.

2002 to 2011. We did not consider the effect of ovariectomy or
pathological loss of BMD in women younger than 50 years.
There may also be a cohort effect because the studies were con-
ducted in different years. In this study, we included cases after
2002, which is relatively recent for an epidemiological study
with long-term follow-up. The rate of medical intervention for
pathological BMD loss under the age of 50 years is considered
high. We did not conduct enough studies to exclude the effects
of such pathological BMD loss and medical interventions, and
the number of cases was insufficient. A large cohort study is
needed to test this, focusing on the first 10 years after perimen-
opause, when BMD is most likely to decline.

CONCLUSIONS

Our study identified cutoff values of BMD at the LS and FN
for predicting future osteoporosis at the time of perimenopause
in Japanese women. In addition, although the results were sur-
prising from the predictions made at the beginning of the study,
we found that obesity was associated with a greater loss of BMD
about 10 years after perimenopause, consistent with the results
ofrecent basic research. Causality was difficult to prove because
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of'the small sample size. Quality of life in osteoporosis is known
to be reduced even when there is no fracture, although it is not
surprising that it is reduced when there is a fracture.**” These
results indicate that measuring WT, BMI, and BMD during the
perimenopausal period and identifying high-risk groups for os-
teoporosis through medical examinations would likely help to
improve the quality of life of elderly women.
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