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Abstract

Introduction : Secular changes in hip fracture incidence have been reported in the last few decades
in Japan, but whether long-term bone mineral density (BMD) is also changing is unclear. This
study aimed to determine whether BMD of Japanese women has changed over time.

Methods : Subjects were 10,649 adult women who underwent BMD measurement in a health
check-up population in Niigata, Japan, between 1995 and 2013. BMD of the distal, non-dominant
forearm was measured by dual-energy X-ray absorptiometry. Demographic information and BMI
were also obtained. Secular trends were determined by linear regression analysis.

Results : BMD of subjects in their 40’s decreased significantly in the age-adjusted model (P for
trend=0.0162), but not in the age- and BMI-adjusted model (P for trend=0.2171). BMD of sub-
jects in their 50’s decreased marginally in the age-adjusted model (P for trend=0.0535), but not in
the age- and BMI-adjusted model (P for trend=0.6601). BMDs of subjects in their 30’s and 60’s
did not significantly change, while BMIs of subjects in their 40’s-60’s decreased significantly.
Conclusions : A secular decrease in BMD, partly attributed to decreases in BMI, was observed in
middle-aged Japanese women from 1995 to 2013. Measures to help maintain suitable BMI will be
necessary to prevent a decrease in BMD among women.

Key words : BMI, bone density, osteoporosis, secular change, women

dence rates in European and North American coun-

Introduction

Osteoporosis is a skeletal disorder involving
compromised bone strength which predisposes indi-
viduals to an increased risk of fracture”. The bur-
den of osteoporosis and osteoporotic fracture is
enormous. The global number of hip fractures in
2010 was estimated to be 2.7 million”. In Japan,
there were an estimated 175,700 hip fractures in
2012%, representing an increase over the last few
decades®*”. This increase may partly be explained

by aging of the population. While hip fracture inci-
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tries generally stabilized with age-adjusted decreas-
es in the last few decades™®, one review® reported
that the incidence rate rose in Asia, and Japan was
not an exception. Orimo et al.® reported that hip
fracture incidence rates in Japan for people in their
80’s and 90’s increased from 1992 to 2012, and Mi-
yasaka et al.” similarly reported that age-adjusted
incidence rates increased from 1985 to 2010 in Ni-
igata, Japan.

The reasons underlying the long-term increase
in hip fracture incidence in Japan are unclear, but

E-mail : kazun@med.nigata-u.ac.jp
This article is licensed under a Creative Commons [Attribu-
tion-NonCommercial-ShareAlike 4.0 International] license.

128



Secular changes in BMD 129

may be related to an increased prevalence of osteo-
porosis, generally diagnosed based on bone mineral
density (BMD)Y. One question that arises is
whether BMD of community-dwelling people chang-
es over time in the long term. While some have
reported a secular change in BMD, others have re-
ported conflicting results. For instance, Xu and Wu
reported a decreasing trend of BMD in a US popula-
tion of the National Health and Nutrition Examina-
tion Survey (NHANES) 2005-2014", whereas
Cheung et al.” reported an increasing trend of BMD
in Hong Kong women. Thus, further studies on
secular changes in BMD in a general population are
needed.

Female sex is a risk factor for low BMD due not
only to biological factors but also to behavioral
ones. For instance, dieting to lose weight is a typi-
cal, female-related risk factor. According to previ-
ous studies, nearly half of adult females had a history
of dieting in Japan® and worldwide'®. The National
Health and Nutrition Survey in Japan reported that
total energy intake (men and women combined)
showed a decreasing trend from 2,088 kcal/day in
1985 to 1,897 kcal/day in 2017, and that the propor-
tion of underweight (body mass index [BMI]
<18.5 kg/m? women showed an increasing trend
from 8.1% in 1985 to 10.3% in 2017'Y. These data
suggest that BMD of Japanese women is likely de-
creasing.

This study aimed to determine whether BMD
of Japanese women decreased in the long term,
while also considering BMI changes. To this end,
we analyzed a large dataset of BMD measurements
from a health check-up program for community-
dwelling people between 1995 and 2013.

Subjects and methods

Subjects

We targeted 12,799 women, aged between 20
and 79 years, who underwent BMD measurement as
part of a health check-up examination at Shibata
Comprehensive Health Care Service Center (Niiga-
ta, Japan) between 1995 and 2013, when BMD mea-
surements using the DTX-200 osteometer were
terminated. All women whose BMD was measured
during this period were eligible for inclusion in this
study. However, women who did not have concomi-
tant measurements of BMI (an important determinant
of BMD) were excluded. For statistical analysis, we
used only data from the first BMD measurement for
those who underwent two or more BMD measure-

ments during the study period. Of the 12,799 wom-
en, 10,649 were analyzed after excluding 2,150 who
had missing BMI data. Men were not included in
the analysis given the limited number of men with
BMD measurements (#=2,250) relative to wom-
en. This study used data obtained from an anony-
mized database of Shibata Comprehensive Health
Care Service Center. The protocol of this study
was approved by the Ethics Committee of Niigata
University (No. 2017-0396).

Measurements

BMD of the distal, non-dominant forearm was
measured with the dual-energy X-ray absorptiome-
try (DXA) method using the DTX-200 osteometer
(Osteometer MediTech A/S, Rgdovre, Denmark).
The DTX-200 system automatically scans 24 mm of
the radius and the ulna, proximal from the point with
an 8 mm radius-ulna gap. Details regarding BMD
measurements have been described previously'?.
The Shibata Comprehensive Health Care Service
Center had checked the intra-coefficient of variation
(CV) of DTX-200 measurements using a standard
phantom every morning during health check-up ex-
aminations throughout the study period and con-
firmed that values were within +2.0%. The long-
term CV of the Shibata Comprehensive Health Care
Service Center is reported to be 0.8%". Age, sex,
weight, and height were obtained from health check-
up records. BMI was calculated as weight (kg) di-
vided by the square of height (m?.

Statistical analysis

Mean and standard deviation (SD) were calcu-
lated to characterize BMD and BMI by year. Mean
BMDs by age group and year were then subjected to
a trend test using simple linear regression analy-
sis. The statistical significance of secular changes
in BMD from 1995 to 2013 was tested with simple
and multiple linear regression analyses using the fol-
lowing models : 1) unadjusted, 2) age-adjusted, and
3) age- and BMI-adjusted models. In addition, we
conducted the same analysis for secular changes
from 1995 to 2008 as a sensitivity analysis. From
2009, the local government canceled subsidies for
BMD measurements, and thus the number of sub-
jects with BMD measurements from 2009 onward
steeply decreased. Under these circumstances,
subjects might have had more interest in their bone
health after 2009 compared to before 2009 (i.e., po-
tential self-selection bias). Statistical analyses
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were conducted with the SAS statistical package (re-
lease 9.4, SAS Institute Inc., Cary, NC, USA).
P<0.05 was considered statistically significant.

Results
Table 1 shows age, BMI, and BMD by year.

The number of subjects was the largest in the first
year of the study period (1995), and decreased grad-
ually thereafter. The number of subjects in 2009

Table 1. Subject age, body mass index (BMI), and

forarm bone mineral density (BMD) by year

H. Watanabe et al.

sharply decreased from the number in 2008 (a de-
crease of 60.6%). Mean BMIs were 20.4 (SD, 2.6,
N=430), 21.1 (SD, 2.9, N=1,197), 21.9 (SD, 3.0,
N=2257), 22.7 (SD, 3.1, N=3,342), 22.9 (SD, 3.0,
N=3,048), and 23.1 kg/m? (SD, 3.0, N=375) for
women in their 20’s, 30’s, 40’s, 50’s, 60’s, and 70’s,
respectively.

Table 2 shows secular changes in mean BMD by
age group, with a graphical representation presented
in Figure 1. Data for subjects in their 20’s and 70’s
are not included given the small sample size. BMDs
of subjects in their 40’s (P for trend=0.0054) and 70’s
(P for trend=0.0225) decreased significantly from

Mean (SD) 1995 to 2013.
Secular changes in BMD from 1995 to 2013 b
N Age BMI (kg/m?) BMD (g/cm?) g . . . . Y
age group were examined by regression coefficients
1995 1,134 49.1(12) 223@.0)  0.441(0.072) (B) in linear regression analyses (Table 3). The
1996 1,026 50.1(11.9) 22.63.0)  0.437(0.075) BMD of subjects in their 40’s decreased significantly
1997 1,053 46.5(13.3) 22.2(2.9)  0.439(0.074) in unadjusted (P for trend=0.0054) and age-adjusted
1998 977 486(13.1) 223@.1)  0.433(0.074) (P for trend=0.0162) models, but not in the age- and
1999 682 535(10.7) 224@3.0)  0.421(0.075) BMI-adjusted model (P for trend=0.2171). The
2000 624 51.9(10.0) 224(2.9)  0.437(0.076) BMD of subjects in their 50’s decreased marginally
2001 681 49.7(10.3) 22.4@3.2)  0.442(0.075) in the age-adjusted model (P for trend=0.0535), but
2002 602 515(9.5) 222@3.1)  0.434(0.072) not in the age- and BMI-adjusted model (P for
2003 588 52.1(10.4) 225(2.9)  0.430(0.073) trend=0.6601).
2004 488 524(10.D) 224@.1  0.429(0.078) Secular changes in BMD from 1995 to 2008 by
2005 440 53.9(10.2) 222@3.2)  0.421(0.081) age group are also shown in Table 3. The BMD of
2006 521 56.8(10.0) 224(3.2)  0.409(0.081) subjects in their 40’s decreased significantly in un-
2007 585 56.0(10.1) 22.4(3.0) 0.407 (0.077) adjusted (P for trend=0.0161) and age—adjusted
2008 518 56.5(9.8)  225@3.3)  0.405(0.079) models (P for trend=0.0445), but not in the age- and
2009 204 59.3(10.1) 22.2(3.3) 0.384 (0.085) BMI-adjusted model (P for trend=0.4186). The
2010 153 58.1(9.5)  22.3(3.0) 0.400 (0.093) BMD of subjects in their 50’s decreased significantly
2011 146 58.5(10.5) 22.0(2.8) 0.399 (0.082) in the age-adjusted model (P for trend=0.0090), but
2012 133 569(9.2) 219@.2)  0.417(0.077) not in the age- and BMI-adjusted model (P for
2013 94 581(9.3) 219@.D 0.411 (0.082) trend=0.4648). Significant changes in BMD were
Table 2. Forearm bone mineral density of women by age group and year
20’s 30’s 40’s 50’s 60’s 70’s
Year n  Mean  SD n  Mean SD n  Mean SD n  Mean  SD n  Mean SD n Mean SD
1995 59 0447 0049 156 0464 0045 365 0481 0051 318 0440 0068 221 0370 0065 15 0315 0.032
1996 60 0474 0051 136 0467 0048 250 0483 0052 280 0440 0068 289 0377 0069 11 0334 0.101
1997 124 0466 0.048 244 0469 0047 210 0480 0055 204 0447 0065 250 0365 0065 12 0278 0.060
1998 82 0475 0045 207 0467 0051 157 0480 0051 244 0439 0065 278 0368 0065 9 0316 0.038
1999 22 0475 0062 46 0460 0049 124 0475 0045 237 0439 0064 239 0370 0063 14 0300 0.062
2000 16 0469 0058 51 0473 0.043 138 0489 0048 259 0441 0.069 150 0375 0069 10 0308 0.057
2001 27 0456 0040 87 0465 0047 174 0486 0058 255 0446 0.067 136 0361 0066 2 0376 0.062
2002 14 0446 0035 48 0447 0050 134 0475 0050 264 0443 0070 137 0376 0066 5 0325 0.059
2003 14 0463 0054 48 0461 0.048 136 0471 0049 226 0440 0.065 143 0376 0069 21 0320 0.061
2004 2 0494 0011 55 0458 0051 104 0478 0052 193 0444 0064 119 0362 0076 15 0325 0.050
2005 2 038 002 37 0467 0055 91 0474 0054 174 0438 0066 124 0356 0073 12 0305 0.060
2006 2 0450 0059 24 0472 0054 78 0471 0061 159 0439 0.065 206 0374 0070 52 0331 0.071
2007 2 0521 0019 19 0458 0053 112 0474 0056 163 0430 0057 232 0371 0065 57 0340 0.074
2008 2 0510 009 22 0467 0.047 78 0474 0.049 150 0435 0.066 223 0366 0068 43 0334 0.052
2009 0 - - 5 0447 0064 29 0466 0052 55 0414 0072 83 0363 0068 32 0301 0.076
2010 0 - - 5 0540 0068 18 0472 0052 50 0452 0071 62 0356 0072 18 0301 0.055
2011 1 0485 - 4 0484 0061 24 0472 0052 31 0445 0064 65 0362 0071 21 0341 0.062
2012 1 0365 - 2 0515 0036 18 0475 005 51 0441 0070 51 0373 0067 10 0395 0.074
2013 0 - - 10478 17 0474 0068 29 0455 0063 31 0377 0060 16 0329 0.063
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Fig. 1. Secular trends in mean forearm bone mineral density (BMD) by age group. Results of statistical tests are
presented in Table 3. The number of subjects with BMD measurements from 2009 onward steeply decreased.

Table 3. Regression coefficients (B) of year for forearm bone mineral density as an out-
come variable calculated by simple and multiple linear regression analyses be-

tween 1995 and 2013
Age group Predictor variable, 1995-2013 1995-2008
manner of adjustment
Regression P for trend Regression P for trend
Coefficient coefficient
30’s Year, unadjusted —0.000018 0.9642 —0.000435 0.2990
Year, age-adjusted —0.000084 0.8309 —0.000492 0.2412
Year, age- & BMI-adjusted  —0.000232 0.5173 —0.000627 0.1030
40’s Year, unadjusted —0.000672 0.0054 —0.000673 0.0161
Year, age-adjusted —0.000587 0.0162 —0.000569 0.0445
Year, age- & BMI-adjusted ~ —0.000274 0.2171 —0.000208 0.4186
50’s Year, unadjusted —0.000279 0.2718 —0.000399 0.1868
Year, age-adjusted —0.000453 0.0535 —0.000729 0.0090
Year, age- & BMI-adjusted 0.000097 0.6601 —0.000191 0.4648
60’s Year, unadjusted —0.000279 0.2541 —0.000200 0.5016

Year, age-adjusted
Year, age- & BMI-adjusted

—0.000144 0.5490
0.000234 0.2890

—0.000120 0.6804
0.000033 0.9017

not observed for subjects in their 30’s or 60’s.

Secular changes in mean BMI from 1995 to 2013
by age group are shown in Figure 2. A simple linear
regression analysis showed that BMI decreased sig-
nificantly for subjects in their 40’s (B=—0.050, P for
trend=0.0002), 50’s (B=—0.076, P for trend <0.0001),
and 60’s (B=-0.042, P for trend<0.0001). Signifi-
cant changes in BMI were not observed for subjects
in their 30’s (3=0.027, P=0.2399).

Discussion

The present study investigated secular changes
in forearm BMD and BMI of adult Japanese women
from 1995 to 2013, with the following findings : 1)
age-adjusted BMD of subjects in their 40’s and 50’s
decreased, 2) their age- and BMI-adjusted BMD did
not decrease, and 3) BMI of subjects in their 40’s,
50’s, and 60’s decreased.

Only a few studies have reported on secular
changes in BMD. Xu and Wu” studied hip BMD in
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Fig. 2. Secular trends in mean body mass index (BMI) by age group.
BMI decreased significantly in subjects in their 40’s (B=—-0.050, P=0.0002), 50’s (=—-0.076, P for
trend<0.0001), and 60’s (B=—0.042, P for trend<0.0001), but not in subjects in their 30’s ($=0.027, P for
trend=0.2399). The number of subjects with BMD measurements from 2009 onward steeply decreased.

US subjects (age =30 years [mean age, 53 years])
who participated in the NHANES from 2005 to 2014,
and found that their BMD decreased during that pe-
riod, particularly between 2009 and 2014. The au-
thors suggested that this decrease in BMD corre-
sponded to an increased trend of hip fracture in
women aged =65 years between 2012 and 2015%,
and that BMD is a strong predictor of hip frac-
ture”. While our findings are consistent with this
previous report”, our study has the advantage of
having conducted age-stratified analyses of BMD
changes. Contrary to the results of Xu and Wu's
study” and ours, Cheung et al.” reported an increase
in hip BMD in Hong Kong women aged =20 years
(mean age, 47 years) across the entire adult age
range from 1995-2000 to 2005-2010. Their finding
was partly consistent with the long-term reduction
in hip fracture incidence in Hong Kong. In sum,
these previous studies showed that long-term
changes in adult BMD are associated with changes
in hip fracture occurrence. In our study, women in
their 40’s and 50’s showed a decreasing BMD trend
between 1995 and 2008. It will be informative to
observe the changing trend of osteoporotic fracture,
including hip fracture, in the next few decades (from
2021) and determine whether the decreasing BMD
trend reflects the changes in fracture trend.
Although age-adjusted BMDs of subjects in
their 40’s and 50’s decreased during our study peri-
od, they did not significantly decrease when further

adjusted for BMI. This suggests that the decrease
in BMD was due in part to the decrease in BMI.
Although the distal forearm, which we used to mea-
sure BMD, is not a weight-bearing site, forearm
BMD has been reported to correlate well with BMI
and body weight'*'®,

The secular decrease in BMI is not limited to
the present population, but rather is a phenomenon
observed throughout Japan. According to the Na-
tional Health and Nutrition Survey in Japan, the BMI
of middle-aged women apparently decreased during
our study period'”. The long-term decrease in
BMI was associated with a combination of decreased
energy intake and worsened exercise habits, as well
as breakfast skipping'”. Important factors associat-
ed with low BMI in women include a desire for thin-
ness and dieting behavior'®, which are prevalent not
only among young women but also among middle-
aged and older women'”. Moreover, dieting behav-
ior itself has been suggested to have an unfavorable
effect on bone strength, including BMD'. The
National Health and Nutrition Survey also reported
a long-term decrease in calcium intake in middle-
aged women, which may be involved in the decrease
in BMD we observed'”. Thus, controlling dietary
factors is a good strategy for bone health mainte-
nance.

We did not observe a significant long-term de-
crease in BMD of subjects in their 60’s, although
their BMIs decreased significantly. While the rea-



Secular changes in BMD 133

son for this inconsistency is unclear, we speculate
that menopausal status and healthy lifestyles may
have played a role. Women in their 60’s are mostly
post-menopausal and experience estrogen insuffi-
ciency. However, the extent of decrease in estro-
gen in post-menopausal women varies, which may
have impacted their long-term BMD changes.

Notably, there were some differences between
the present female study population and the general
Japanese female population with respect to BMI.
Mean BMIs reported by the National Health and Nu-
trition Survey, Japan, 2004 (corresponding to the
midpoint of the present study period) were 21.0 (SD
3.0, N=121), 22.6 (SD 3.6, N=127), 23.0 (SD 3.2,
N=167), and 23.4 kg/m* (SD 3.5, N=170) for women
in their 30’s, 40’s, 50’s, and 60’s, respectively?”. In
comparison, BMIs in the present study for women in
their 40’s (22.7 kg/m? and 60’s (22.9 kg/m?) were
slightly, but significantly, lower than the national av-
erage. These differences may have resulted from
the present study population being a health-check
population (i.e., those with potentially healthier life-
styles?”). Thus, caution should be exercised when
interpreting the results of the present study.

This study has some limitations. First, the de-
creasing trend in BMD may have been due to selec-
tion bias because the number of participants de-
creased over time during the study period. It is
also possible that more women who were worried
about their low BMD may have participated in the
health check-up examinations later in the study pe-
riod. Nonetheless, even if there was selection bias,
it might not be associated with decreased BMD be-
cause the decline in number of subjects after 2008
did not bring about a corresponding decrease in
BMD, but rather an increase in BMD. Second, we
did not assess secular changes in some age groups
given the limited sample size. In particular, chang-
es in BMD of subjects in their 30’s tended to de-
crease, but not significantly. The 20’s and 30’s are
important ages in terms of bone acquisition and
maintenance, and thus should be investigated fur-
ther. Fourth, we could not assess factors other
than BMI, such as lifestyles and anti-osteoporotic
medications. Nevertheless, their confounding ef-
fects may be limited, as evidenced by Japanese com-
munity studies?** reporting that lifestyle factors are
much less influential on adult BMD than BMI (or
body weight). With regard to anti-osteoporotic
medications that affect BMD, such as bisphospho-
nates, we previously reported in a community study
of BMD? that 11 of 461 (2.4%) women aged be-
tween 60 and 75 years used such medications,

whereas none of the women in their 50’s (213 wom-
en) used them. Therefore, our results may be bi-
ased in terms of the use of anti-osteoporotic medica-
tions in women aged over 60 years. Fifth, we
conducted several trend tests, which may have re-
sulted in Type I error (i.e., false positives). Finally,
we measured cortical BMD, but not spongy BMD.
Therefore, while our results apply to osteoporosis of
long bones, they may not apply to vertebral bones.

Our study has several implications. First,
BMD is an important predictor of osteoporotic frac-
ture, and a good indicator that reflects lifestyle fac-
tors. However, long-term trends of BMD have
rarely been reported worldwide, and no reports on
this topic from Japan have been published. Second,
we observed a long-term decrease in BMD in mid-
dle-aged women during the period spanning 1995-
2013, which could serve as an alert for a potential
increase in osteoporosis risk several decades later
because hip fracture typically occurs in older adults
aged =80 years. Finally, although we observed a
long-term decrease in BMD being mediated by BMI,
the present study design did not allow us to deter-
mine a causal association. Nevertheless, such an
association has been suggested by previous Japanese
cohort studies'®?? and the results of the present
study underscore the importance of BMI as a bone
mass indicator.

Conclusions

The secular decrease in BMD in middle-aged Jap-
anese women during the period spanning 1995-2013
was partly attributed to decreases in BMI. Measures
to help maintain suitable BMI will be necessary to
prevent a decrease in BMD among women.
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