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Qrsemr

Background: No consensus exists regarding which anthropometric measurements are
related to bone mineral density (BMD), and this relationship may vary according to sex
and age. A large Japanese cohort was analyzed to provide an understanding of the rela-
tionship between BMD and anthropometry while adjusting for known confounding fac-
tors. Methods: Our cohort included 10,827 participants who underwent multiple medi-
cal checkups including distal forearm BMD scans. Participants were stratified into four
groups according to age (=50 years or <50 years) and sex. The BMD values were ad-
justed for confounding factors, after which single and partial correlation analyses were
performed. The prevalence of osteopenia was plotted for each weight index (weight or
body mass index [BMI]) class. Results: Cross-sectional studies revealed that weight was
more favorably correlated than BMI in the older group (R=0.278 and 0.212 in men and
R=0.304 and 0.220 in women, respectively), whereas weight and BMI were weakly cor-
related in the younger age groups. The prevalence of osteopenia exhibited a negative
linear relationship with weight among older women =50 years of age, and an acceler-
ated increase was observed with decreasing weight in older men weighing <50 kg and
younger women weighing <60 kg. When weight was replaced with BMI, the prevalence
was low in most subgroups classified by weight. Conclusions: Weight, rather than BMI,
was the most important indicator of osteopenia but it might not be predictive of future
bone loss.

Key Words: Anthropometry - Bone density - Cohort studies - Mass screening - Osteopo-
rosis

INTRODUCTION

Bone mineral density (BMD) remains the most important index for diagnosing,
managing, and studying osteoporosis/osteopenia [1-3] despite the emerging con-
cept of “bone quality”. For example, the World Health Organization continues to
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Relationship between BMD and anthropometry

Patients
10,827 Japanese participants

Conclusion

predictive of future bone loss

Results

Anthropometry and BMD

In older group, weight was correlated with BMD.

Anthropometry and osteoporosis

Prevalence of osteopenia
— decreased with weight among older women 250 years of age
— increased with decreasing weight in older men weighing <50 kg
— Increased with younger women weighing <60 kg

Weight, rather than BMI, was the most important indicator of osteopenia but it may not be

diagnose osteoporosis according to BMD. The associations
between anthropometric measurements and BMD have
been extensively investigated both cross-sectionally and
longitudinally although nutritional status has also been
recognized as clinically relevant. However, which anthro-
pometric index associated with BMD according to sex and
age has not been identified.

Analyses revealed that low body weight and body mass
index (BMI) were associated with lower BMD in older men.
[4,5] Cross-sectional investigations [6-9] suggested positive
correlations between height and BMD, with greater height
associated with higher BMD. However, unlike cross-section-
al findings, a longitudinal study showed that low body
weight and/or low BMI were not significant predictors of
future reductions in BMD.[10] Likewise, baseline height
was not shown to affect subsequent BMD changes [10,11]
although in these studies weight was not adjusted by
height or other known confounding factors such as uric
acid,[12] serum lipids,[13] or anemia.[14] To examine dis-
crepancies between baseline anthropometric measure-
ments and changes in BMD, as well as integrating data
from sporadic reports of correlations among confounding
factors, simultaneous analyses of cross-sectional and longi-
tudinal data collected by a centralized source are needed.

22 https://e-jbm.org/

By utilizing one of the world’s largest cohorts with data
on BMD measurements, we examined the associations of
BMD with baseline height and weight and their interac-
tions and changes both cross-sectionally and longitudinal-
ly in Japanese adult men and women widely ranging in
age in consideration of possible confounding factors. We
intended to identify anthropometric measurements that
can be reliably used in association with BMD.

METHODS

1. Study participants

The cohort for the present study was recruited from par-
ticipants in a health examination program of the Niigata
Association of Occupational Health, Inc., which has 18 ex-
amination centers throughout Niigata prefecture, Japan.
The program included anthropometric measurements,
laboratory testing, several physiological tests, BMD mea-
surements, and questionnaires on lifestyle and personal
history. This organization was certified by ISO 9001 and I1SO
15189 for the health examinations, and laboratory results
were quality controlled. We obtained consent from each
participant to use a series of their anonymized records of
check-ups for scientific research. The study protocol was
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consistent with the Japanese Government’s Ethical Guide-
lines Regarding Epidemiological Studies by the Declara-
tion of Helsinki and was reviewed by the Institutional Re-
view Board at the School of Medicine, Faculty of Medicine,
Niigata University (reference number 2015-1628).

Between April 1999 and March 2012, 28,583 individuals
underwent the annual examinations described above, in-
cluding 60,025 BMD measurements. For the longitudinal
study, we first identified 11,306 people who had more
than one annual BMD measurement. Finally, we estab-
lished a historical cohort of 10,827 individuals, which was
used in both cross-sectional and longitudinal studies. Data
available for all participants were as follows: examination
date, age, anthropometric values (height, weight), blood
pressure, heart rate, fasting blood tests (total cholesterol,
high-density lipoprotein cholesterol [HDL-C], triglycerides,
urea nitrogen, creatinine, uric acid, aspartate transaminase
[AST], alanine transaminase [ALT], alkaline phosphatase
[ALP], y-glutamyl transpeptidase, lactate dehydrogenase,
total protein, albumin, plasma glucose, HbA1c), and com-
plete blood count, and information on various self-report-
ed lifestyle variables (exercise time, sleep hours, alcohol
consumption, and smoking). For each participant, the
word “baseline” was defined according to information ob-
tained at the first medical examination. Every participant
was stratified by sex and age at baseline into the following
four groups: younger men (<50 years of age), elder men
(=50 years of age), younger women (<50 years of age),
and elder women (=50 years of age). We defined “young-
er”as under 50 years of age because it was shown that
BMD begins to decline in Japanese men and women in
their fifties. [15]

2. Measurements

Body height and weight were measured with the partici-
pant wearing light clothes and no shoes or socks. Values for
BMI were computed as weight (kg) divided by height (m)
squared. The BMD of the non-dominant distal forearm was
scanned by DTX-200 DexaCare (Osteometer MediTech, Sig-
nal Hill, CA, USA) using the dual energy X-ray absorptiome-
try (DXA) method. The measurement area was automatical-
ly determined from the point where the distance between
ulna and radius was 8 mm to the proximal point of 24 mm.

We performed statistical analyses using the IBM SPSS
Statistics (version 24; IBM Corp., Armonk, USA).
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3. Statistical analyses

All analyses were performed independently for each of
the 4 groups.

As a series of cross-sectional studies, we first conducted
Pearson product-moment correlation analyses on baseline
height, weight, and BMI with the aim of determining the
strength of the correlation between height and weight in
each group. To identify confounding factors for bone den-
sity among our examined items, including uric acid, serum
lipids, etc., as mentioned above, we used the stepwise
multiple regression method (Probability of F-to-enter
<0.01, Probability of F-to-remove >0.05) regarding the
baseline BMD (BMDs.) as the objective variable and each
baseline item as an explanatory variable. However, among
the items, ALP was excluded from the analyses because it
could be elevated due to osteopenia, and AST was omitted
because of its strong correlation with ALT.

Then we performed simple and partial correlation analy-
ses of the differences between unadjusted BMDs. (unadj-
BMDe1) or BMDg. adjusted for the confounding factors ex-
tracted by the above methods as previously shown [12-14]
with a linear multiple regression model (adj-BMDs.) and
each measured anthropometric value. An alternative mea-
sured anthropometric variable was set as a controlling fac-
tor for partial correlation. Pearson’s R values >0.2 and P-val-
ues less than 0.05 were considered statistically significant.

This study’s unique “young adult mean” and T-scores
were calculated for each sex from the BMD values of par-
ticipants aged 20 to 44, which included 326 men and 1,522
women. Participants were classified as having “osteopenia”
if the T-score was <-1. Each of the 4 groups was further
stratified into subgroups according to 5 kg increments of
body weight or 2.5 kg/m?* increments of BMI. The preva-
lence of osteopenia was determined for each subgroup.

All participants in the cross-sectional studies were in-
cluded in the longitudinal study. We aimed to determine
how participants’ baseline characteristics affected future
BMD changes. Using BMDs. and BMD at the final visit
(BMDy), we calculated the annual change rate in BMD (BM-
Dacr) by the formula (BMDr - BMDg1)/[Observational dura-
tion] (g/cm’/year) and the annual percent change in BMD
(BMDapc) by 700X BMDace/BMDs. (%/year). As in the case of
cross-sectional studies, we attempted to adjust BMDacr
and BMDapc for various confounding factors and per-
formed correlation analyses for unadjusted or adjusted
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BMDacr and BMDaec.

Using BMDg. and BMD at the BMD', we calculated the
annual change rates in BMDacr and BMDaec for various con-
founding factors and performed correlation analyses for
unadjusted or adjusted BMDacr and BMDagec.

Table 1. Basic characteristics of participants

JBM

RESULTS

1. Characteristics of participants

Baseline characteristics of the study participants includ-
ing anthropometry and laboratory findings and variables
regarding BMD are shown in Table 1. Mean values for labo-
ratory test results except total cholesterol in all 4 groups
were within reference ranges.

Mean baseline BMD reached a plateau at the age of 35

Men \Women
Younger Elder Younger Elder P-value
(aged <50) (aged =50) (aged <50) (aged =50)
N 653 1,660 3,061 5,453
Observational duration, median (yr) 3.2 3.1 54 4 <0.001?
Age, median (yr) 45 58 45 56 <0.001?
Anthropometric measurement
Height (cm) 1705+5.8 165.4+6.2 157.8£5.3 153.6+5.4 <0.001?
Weight (kg) 67.4+10.2 63+9.2 53579 526+74 <0.001?
BMI (kg/m?) 232432 23+2.8 21.5%3.1 223+29 <0.001?
Complete blood count
Platelet (X 10*/uL) 24450 226+50 245457 234+52 <0.0017
White blood cell (cells/uL) 5,861+1,716 5,776+ 1,562 5110+1,373 4,975+1,318 <0.0017
Hemoglobin (g/dL) 15.2+1.0 149+11 12714 132+£1.0 <0.001?
Glucose metabolism
Fasting plasma glucose (mg/dL) 97+21 100+20 90412 94+14 <0.001?
HbATc (%) 5+0.6 52407 49404 51405 <0.001?
Serum lipid
Total cholesterol (mg/dL) 204+35 203+32 196+32 219432 <0.001?
Fasting triglycerides (mg/dL) 130+ 94 119+78 74+ 41 93+48 <0.001%
HDL-cholesterol (mg/dL) 58415 59416 69415 67116 <0.0017
Serum liver enzyme
Aspartate transaminase (IU/L) 24+10 2611 1946 23+9 <0.001?
Alanine transaminase (IU/L) 28+19 25+15 16+9 2014 <0.001?
Alkaline phosphatase (IU/L) 65+ 16 66+18 52415 73123 <0.0017
Gamma glutamy! transferase (IU/L) 61+68 54154 2117 26+25 <0.001?
Lactate dehydrogenase (IU/L) 233+89 266+99 265+83 3024101 <0.001?
Serum nitrogen compound
Urea nitrogen (mg/dL) 132464 148+3.8 129432 15+35 <0.001?
Uric acid (mg/dL) 613 58+1.2 41+09 43+10 <0.0017
Creatinine (mg/dL) 08405 0.8+0.2 06+0.1 0.6+0.1 <0.001?
BMD
Baseline BMD (g/cm?) 0.558+0.064 0.528+0.075 0.469+0.054 0.414£0.072 <0.001?
Final BMD (g/cm?) 0.554+0.068 0.516+0.081 0.446 +0.064 0.38+0.072 <0.001?
Annual change rate in BMD (g/cm?/yr) -0.0044+0.0234 -0.0124+0.0295 -0.022340.0430 -0.0343+0.0377 <0.001?
Annual percent change in BMD (%/yr) -0.32+1.95 -0.63+2.31 -0.77£2.12 -2.0512.86 <0.001?

The data is presented as mean = standard deviation, unless stated otherwise. Every P-value was calculated by one-way analysis of variance across the

4 groups.
aStatistical significance.

BMI, body mass index; HDL, high-density lipoprotein; BMD, bone mineral density.
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years in men and 25 years in women. After maintaining
the plateaued levels for about 20 years, mean BMD started
to decline from 50 years of age in both sexes. These transi-
tions were more pronounced than the trajectory of BMD
reported in a smaller healthy population in Japan.[16]

Significant correlations were seen between weight and
BMI, with correlation coefficients greater among younger
than older groups in either sex. In terms of the correlation
between height and weight, higher correlations were ob-
served among men and elder groups of both men and
women (Supplementary Table 1).

2. Cross-sectional studies

Figure 1 shows the relationship between unadj-BMDs.
and anthropometric indices. In the single regression analy-
sis, we found no significant correlations between BMD and
height among younger men and women and significant
but very weak correlations (R=0.2, P<0.001) among groups
of elder men and women. Weak correlations between BMD
and weight or BMI (R=0.2-0.4, P<0.001) were shown in all
4 groups.

We selected uric acid and HDL-C as explanatory variables
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for the dependent variable BMDe. in all 4 groups after sin-
gle regression analyses. We also added hemoglobin as a
factor for adjustment of BMDg. in each group which could
be a potential confounder based on previous studies [17]
and was weakly correlated only in the elder women group.

Table 2 shows the relationships between adj-BMDe. and
anthropometric values. Regarding height vs. adj-BMDs,,
correlation coefficients in all 4 groups were close to those
of height vs. unadj-BMDe.. In terms of weight or BMI, cor-
relation coefficients were lower but remained significant
(R>0.2) even after adjustment by BMDe.. Correlation coef-
ficients of BMI vs. BMDg. were close to or as high as those
of weight vs. BMDsg. in younger men/women, while weight
vs. BMDg. was higher than BMI vs. BMDg. in both male and
female elders.

In the partial correlation analysis with height as the con-
trol variable, we obtained the following results: the correla-
tion coefficient between adj-BMDs. and weight declined in
elder groups and was slightly elevated in younger groups
compared with the simple correlation. On the other hand,
the R-value between adj-BMDs. and BMI increased slightly
only in elder women and was almost unchanged in the oth-
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Fig. 1. Correlation between body mineral density and anthropometric measurements. Each panel represents a scatterplot with a linear regression

line and coefficient of determination RZ.
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Table 2. Simple and partial correlation analysis for adjusted baseline
bone mineral density and anthropometric measurements

Studied  Controlling Adjusted BMDst
variable  factor R 2
Men
Younger (N=653) Height None 0.035 0.375
Weight -0.084 0.032
BMI 0.059 0.132
Weight ~ None 0.285 <0.001
Height 0.294 <0.001
BMI None 0.293 <0.001
Height 0.297 <0.001
Elder (N=1,660)  Height None 0.205 <0.001
Weight 0.061 0.013
BMI 0.198 <0.001
Weight ~ None 0.278 <0.001
Height 0.201 <0.001
BMI None 0.212 <0.001
Height 0.205 <0.001
Women
Younger (N=3,061) Height None -0.021 0.244
Weight -0.136 <0.001
BMI 0.038 0.035
Weight ~ None 0.330 <0.001
Height 0.354 <0.001
BMI None 0.351 <0.001
Height 0.352 <0.001
Elder (N=5,433)  Height None 0.198 <0.001
Weight 0.096 <0.001
BMI 0.235 <0.001
Weight ~ None 0.304 <0.001
Height 0.253 <0.001
BMI None 0.220 <0.001
Height 0.254 <0.001

BMDg, baseline bone mineral density; R, Pearson’s correlation coeffi-
cient; P, P-value of the regression coefficient test; BMI, body mass index.

er groups. In all 4 groups, the R of adj-BMDs. vs. weight and
the R of adj-BMDeg. vs. BMI were nearly the same.

Figure 2 shows the prevalence rates of osteopenia in
each subgroup according to weight/BMI classes by 5 kg or
2.5 kg/m? increments, respectively. In terms of the associa-
tion between weight and prevalence, a simple linear rela-
tionship was found in elder women. In elder men and
younger women, the prevalence was <5% in those whose
weight was =50 kg, and the prevalence was elevated in
those with lower weights. The prevalence of osteopenia in
younger men was consistently <10%. The transition of
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Fig. 2. (A) Men. (B) Women. Correlation between anthropometric
measurements and prevalence of osteopenia. On each panel, solid
lines with close symbols represent transition by weight, dotted lines
with open markers body mass index (BMI). Squares and circles show
the younger group and the elder group, respectively.

prevalence by 2.5 kg/m” BMI classes resembled that of the
weight classes mentioned above, while the rates were low-
er overall, especially in the lightest class of elder women.

3. Longitudinal study

In the single regression analysis, both BMDack and BM-
Darc had no significant correlation with height, weight, or
BMl in any group. Multiple regression analyses determined
that age was the only appropriate covariate for adjustment
of BMDacr or BMDapc. Adjusted BMDacr or adjusted BMDapc
were not significantly correlated with any of the three an-
thropometric factors. In addition, partial correlation analy-
ses with anthropometric values as control factors showed
no new correlations (Supplementary Table 2).

DISCUSSION

This is the first report of an examination of relationships
between anthropometric measurements and forearm
BMD both cross-sectionally and longitudinally in a large
cohort comprised of men and women of various ages in
consideration of many covariates including laboratory test
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results. Results could lead to an anthropometric index to
be used in clinical practice to prevent bone loss and frac-
tures in adults of all ages regardless of sex. Furthermore, a
population might be identified whose BMD should be
monitored regularly.

Cross-sectional studies clarified that height alone corre-
lated little with BMD, with weight correlating better with
BMD than BMI especially in elder men and women with or
without adjustment by confounding factors. On the other
hand, the longitudinal study did not show that anthropo-
metric values were predictors of future BMD in either sex.
Initially, this study attempted to address which anthropo-
metric index is better correlated with BMD and which con-
founding factors would be important in osteoporosis re-
search or clinical practice. In studies examining correla-
tions between bone density and various factors, weight
and height are sometimes used simultaneously for the ad-
justment of BMD. However, results might not necessarily
be statistically appropriate considering the potential corre-
lation between height and weight.

This cohort was representative of the Japanese popula-
tion for various reasons. The mean height and weight of
participants were very close to those of the general popu-
lation in Japan as reported in The National Health and Nu-
trition Survey in Japan, 2014.[15] Persons with diseases
were not excluded, although participants could be consid-
ered “healthy” because all laboratory findings other than
low-density lipoprotein cholesterol were within reference
ranges. The mean BMDg. values in every 5-year strata were
almost identical to those in a previous smaller-scale report
from Fukuoka Prefecture, a region far from our study site
with a different climate especially during daylight hours,
which included 1,786 healthy women and 625 healthy
men aged 20 to 79 years (Supplementary Fig. 1).[16]

In cross-sectional analyses, we found that baseline
height was not strongly correlated with BMD in any sex or
age group, and that since weight was better correlated
than BMI with BMD, it should be used to adjust for BMD. In
groups of younger men and women, height and BMD
were not correlated. In a cross-sectional study of a smaller
number of young and old Taiwanese men,[18] it was re-
ported that height was not a predictor of lumbar spine
and proximal femur BMD, similar to our results. The corre-
lation coefficient with BMD was only slightly higher with
BMI than weight, and the advantage of BMI weakened

https://doi.org/10.11005/jbm.2024.31.1.21
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when adjusted by other non-anthropometric covariates.
On the other hand, there was a very weak positive correla-
tion (correlation coefficient approx, 0.2) between unad-
justed BMD and height in elder men/women, so BMD was
better correlated with body weight than BMI. We assumed
that height was a confounding factor in these age groups.
In a cross-sectional study of Turkish postmenopausal
women that investigated relationships between anthropo-
metric indices or age and T-scores for femur or vertebra,
the correlation coefficients were higher in the order of
weight, BMI, and height.[6] Although we did not control
for medications or medical histories unlike their study, re-
sults were similar in our cohort. In a previous study, BMI
was used instead of weight for multivariate models for os-
teoporosis and low BMD, with the explanation that BMI
can be used regardless of height although validation was
lacking.[19] Another group explained that weight was a
better predictor of BMD than BMI, but their study only in-
volved elder women.[20] Our results could be generalized
in that the concept was applicable regardless of age or sex.
The strength of correlations between height and weight
has varied according to groups or cohorts. For instance, a
study of elderly Chinese men and women attempted to
solve the problem of collinearity between height and
weight by performing principal component analyses; the
conclusion was that BMI in elderly people was affected
more by weight than by height, suggesting that height
could be excluded from covariates for adjustment of cen-
tral BMD values.[8] Our results for the elder groups sup-
ported their conclusion. On the other hand, this finding
could not be applied to groups of younger men and wom-
en because correlations between height and weight were
weaker than in the elderly. However, we still consider that
BMI is not a more significant factor in BMD than weight.
Our findings indicated that low weight might be a better
indicator of osteopenia than low BMI. As shown in Figure 2,
associations between the prevalence of osteopenia and
weight or BMI categories were largely dependent upon sex
and age. In the elder women group, weight or BMI and the
prevalence of BMD had an almost linear correlation with an
approximate expression of y=-0.0164x+1.362 (R*=0.9407)
and y=-0.027x+1.063 (R>=0.9609), respectively. In contrast,
among younger women, the regression lines started to rise
from around 60 kg and 22 kg/m? with an approximate expres-
sion of y=-0.0164x+0.98 (R*=0.9274) and y=-0.0269x+0.782
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(R*=0.7669), respectively. Increased prevalence of osteopenia
was not shown in younger men regardless of weight or BMI.
However, there was a progressive increase in osteopenia in el-
derly men whose weight and BMI were approximately 50 kg
and =<19.5 kg/m?, respectively.

Our results showed that body weight could better detect
osteopenia in the non-weight-bearing forearm than low
BMI, which might reflect undernutrition. There is little evi-
dence in the literature that body weight loading affects
distant bones via humoral factors and biochemical
mechanism(s) explaining these phenomena could not be
clarified from this epidemiological study. However, our
comprehensive research across all ages in both sexes
should contribute to a better understanding of the patho-
physiology of osteopenia/osteoporosis by incorporating
factors related to activity and nutrition into consideration.
Furthermore, in short individuals the BMI is calculated to
be high, likely placing individuals in obese or “normal
range” categories. Translating these results into clinical
practice could lead to increased detection of bone loss in
younger women weighing <60 kg and elder men weigh-
ing <50 kg, who had previously been overlooked.

Several variables that are reportedly [12-14] and signifi-
cantly associated with BMD were elucidated as indepen-
dent variables in multivariate analyses such as uric acid
and HDL-C in all 4 groups and hemoglobin in the elder
women group. It is well known that these blood factors are
influenced by nutritional intake and exercise. We did not
consider evaluating the relationship between these factors
and BMD in detail in this study, and additional research is
necessary to prove these associations.

In the longitudinal analysis, we examined the association
between anthropometric indices at baseline and subse-
quent changes in BMD. In all 4 categories, neither weight
nor BMI, regardless of adjustments by confounders, were
associated with subsequent changes in BMD. These results
derived from data on a large number of participants varying
in age were not fundamentally different from those of pre-
ceding studies in which age categories of participants were
limited.[10] The results represented that weight and BMI at
one point in time were not predictive of subsequent BMD,
meaning that overweight might not contribute to bone
maintenance. This might suggest that factors other than
anthropometrics have a strong influence on BMD change.

The limitations of this research are as follows. First, al-
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though lumbar DXA should be the gold standard for os-
teoporosis diagnosis, we used the forearm for BMD mea-
surements in the present study. However, multiple reports
showed that DXA of the forearm, which is not weight-
bearing, detected osteoporosis diagnosed by central DXA.
[21-23] It should be noted that bone density measured by
DXA showed a significant correlation of r=0.619 between
the radius and vertebrae in healthy Japanese women.[24]
In addition to the advantages of cost, portability, and ease
of use, we thought that measuring forearm BMD as a
screening method was worthwhile. Second, lifestyle hab-
its, such as diet and activity which may differ between
generations and sex, can affect the formation of the phy-
sique during the growth period or the progression of bone
loss. In particular, Japanese people experienced a period of
turmoil before and after World War Il. Decade-long periods
of observations are needed to determine if the present re-
sults were robust. Third, the medical checkups were arbi-
trarily applied, and there could be self-selection biases.
Participants diagnosed with osteoporosis after their ‘base-
line"might have stopped follow-up. Despite these possibili-
ties, this database is one of the largest global registries
with BMD values, anthropometric measurements, and re-
sults of laboratory examinations.

In conclusion, our cross-sectional analyses showed that
among the anthropometric indices, weight but not height
or BMI was most closely correlated with non-bearing fore-
arm BMD regardless of sex or age. Therefore, in screening
for osteopenia, we might not need to take body composi-
tion into consideration but should only consider weight.
From the results of our longitudinal analysis, not all anthro-
pometric indices can be used as predictors of future reduc-
tions in BMD. The results could be helpful in understanding
how anthropometrics affect BMD at loaded and unloaded
sites and also lead to an anthropometric index to be used
in clinical practice to prevent bone loss and fractures in
both men and women of any age including young adults.
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Supplementary Table 1. Simple linear regression analysis of an-
thropometric measurements

Height vs. Weight Weight vs. BMI

Men
Younger 0.384° 0.891%
Elder 0.563° 0.855°
Women
Younger 0.307° 0.888°
Elder 0.371° 0.869°
Values are Pearson’s correlation coefficient.
ap<0.01.

BMI, body mass index.
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Supplementary Table 2. Simple and partial correlation analysis of non-adjusted or adjusted parameters for annual body mass index changes

and anthropometric measurements

Studied Control BMDacr BMDaec Adjusted BMDacr Adjusted BMDapc

variable factor R 2 R P R P R P

Men
Younger Height None 0.009 0.823 -0.013 0.734 -0.008 0.837 -0.025 0.530
Weight 0.029 0.459 0.008 0.841 0.011 0.772 -0.004 0.920
BMI 0.005 0.900 -0.017 0.662 -0.012 0.769 -0.028 0.472
Weight None -0.047 0.232 -0.054 0.171 -0.048 0.217 -0.055 0.164
Height -0.054 0.165 -0.053 0.180 -0.049 0.211 -0.049 0.212
BMI None -0.053 0.178 -0.052 0.188 -0.047 0.233 -0.047 0.226
Height -0.052 0.182 -0.053 0.179 -0.047 0.226 -0.049 0.208
Elder Height None 0.056 0.022 0.003 0.893 -0.016 0.522 -0.053 0.029
Weight 0.003 0.918 -0.053 0.032 -0.052 0.034 -0.096  <0.001
BMI 0.052 0.036 -0.003 0.917 -0.020 0.421 -0.059 0.016
Weight None 0.096 <0.001 0.083 0.001 0.048 0.049 0.045 0.064
Height 0.078 0.001 0.098  <0.001 0.069 0.005 0.091  <0.001
BMI None 0.083 0.001 0.102  <0.001 0.069 0.005 0.091  <0.001
Height 0.080 0.001 0.102  <0.001 0.070 0.004 0.095  <0.001
Women

Younger Height None 0.130 <0.001 0.099  <0.001 0.053 0.003 0.035 0.051
Weight 0.145 <0.001 0.112  <0.001 0.054 0.003 0.038 0.036
BMI 0.119 <0.001 0.088  <0.001 0.051 0.005 0.033 0.071
Weight None -0.024 0.182 -0.026 0.158 0.005 0.775 -0.003 0.889
Height -0.068 <0.001 -0.059 0.001 -0.012 0.514 -0.014 0.437
BMI None -0.086 <0.001 -0.073  <0.001 -0.019 0.294 -0.019 0.295
Height -0.066 <0.001 -0.058 0.001 -0.011 0.559 -0.013 0.457
Elder Height None -0.041 0.002 0.010 0.478 0.029 0.030 0.018 0.191
Weight -0.045 0.001 -0.021 0.113 0.025 0.066 -0.013 0.321
BMI -0.039 0.004 0.020 0.133 0.030 0.028 0.028 0.037
Weight None 0.002 0.904 0.080  <0.001 0.017 0.217 0.081  <0.001
Height 0.018 0.177 0.082  <0.001 0.006 0.641 0.081  <0.001
BMI None 0.022 0.098 0.079  <0.001 0.001 0.936 0.077  <0.001
Height 0.017 0.208 0.081 <0.001 0.005 0.711 0.080  <0.001

BMDacr, annual change rate in bone mineral density; BMDaec, annual percent change in bone mineral density; R, Pearson’s correlation coefficient; P, P-

value of the regression coefficient test; BMI, body mass index.
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Transition of the participants’ mean bone mineral density of forearm by five-year age groups. Men are denoted as close
and women as close circle with a dashed line. Each error bar shows the standard error.
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