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Abstract
Bone fragility is a major factor in frail locomotive syndrome. For this fundamental measure, it is important to understand the changes in puberty, where
bone metabolism is most active.The subjects were 277 boys and girls who participated in the Iwaki Health Promotion Project from 2011 to 2015 in
both the �fth grade (10th/11th y.o) and the third grade of junior high school (14th/15th y.o). Bone mineral density and bone metabolism-related factors
(physique and bone metabolism marker) during 4 years of puberty were examined. As for the physique at 10th/11th y.o, all factors were correlated with
the bone density at 14th/15th y.o in boys and in girls, height, body muscle ratio, and grip strength value were correlated. In the 4-year rate of change,
there was a positive correlation between height, body muscle rate, and bone mineral density in boys, but not in girls. For both boys and girls, a positive
correlation was found between the physique (height, body muscle ratio, grip strength) in 10th/11th y.o, bone density at 14th/15th y.o, and bone
metabolism markers.It is important to increase the peak bone mass: and prevent bone fragility by building a su�cient physique for boys (14th/15th y.o)
and girls (10th/11th y.o).

Introduction
In recent years, the prevention and treatment of frailty syndrome and locomotive syndrome have attracted attention due to changes in lifestyle and the
advent of an aging society.

Bone fragility is a major factor in frailty syndrome or locomotive syndrome.

In general, bone resorption and formation are in balance after the end of skeletal growth. However, it loses its balance after the menopause (females) or
in their 60s or 70s (in males) due to the abnormalities in metabolic regulators (aging, sex hormones, dyslipidemia, oxidation, glycation etc.)

In addition to the conventional bone mineral density (BMD) measurement, bone metabolism markers are used for assessing bone fragility. BMD
measurement and bone metabolism marker measurement are means of observing two different aspects of bone strength. According to the statement
at the NIH consensus conference 1), in terms of osteoporosis, these two factors are independent bone strength-related indicators, and are not related to
each other. In addition, the FIT subanalysis showed that the markers that better re�ect fracture risk have been found to be the bone formation markers
rather than the bone resorption markers.

Observing the changes from childhood to adulthood, it has been determined that bone density (bone mass) reaches its maximum value (peak bone
mass: PBM) between puberty and approximately 20 years of age. Since puberty is the age where the secondary sexual characteristics develop, changes
in bone metabolism and physique are prominent due to increased sex hormones as the bone metabolism regulators. Therefore, there can be no
fundamental countermeasure for the frail locomotive syndrome without understanding their relationships. Also, there have been only a few researches
in the past, and none of them have considered the bone metabolism markers in their studies. This was due to the di�culty in targeting a large number
of subjects in that particular age range, as well as a limited availability of e�cient technique to measure bone quality, density, metabolism status and
body composition.

In recent years, the measurement of body composition has become more e�cient by the use of impedance method, which allows measurements of
body muscle ratio and fat mass for each body part. In addition, an ultrasonic method has also been developed for the measurement of bone density,
which is widely used nowadays. Both methods are simple to operate, have little invasiveness and few side effects, and can measure a large number of
subjects.

In this study, bone mineral density, physique, and bone metabolism markers were measured over the period of 4 years in puberty in Aomori Prefecture.
In addition to changes in bone mineral density and bone metabolism during puberty, their effects on the body were also measured, and factors that
have in�uences on diseases were investigated.

The features of this study are as follows.

1. This is a 4-year cohort study that was carried out on puberty from the �fth grade of elementary school (10th /11th y. o.) to the third grade of junior
high school (14th /15th y. o.).

2. Bone metabolism markers were measured in the third grade of 10th /11th y. o.

3. Body composition, body muscle ratio, and fat mass were examined separately.

Subjects And Methods
1. Subjects

The subjects were 323 boys and girls who participated in the Elementary and Junior High School Health Survey of the Iwaki Health Promotion Project
from 2011 to 2015 in both the �fth grade (10th /11th y. o) and the third grade of junior high school (14th /15th y. o.). After excluding those with a
history of cardiovascular disease, diabetes mellitus, dyslipidemia, and hypertension, those with fractures, and those with de�cient values, data from
total of 277 puberty (125 boys and 152 girls) were analyzed for the study. In addition, 1,050 adults (438 males and 612 females) aged 20–89 years
who participated in the Iwaki Health Promotion Project in 2018 were also included to make a comparison of the bone metabolism markers.



Page 3/12

2. Methods

(1) Questionnaire survey

A self-administered questionnaire was distributed to the subjects prior to the investigation day. The answers to the questionnaire were con�rmed by
interviews and were collected on the day of measurement. Question items included participants’ age, gender, past medical history, current medical
history, and medication status.

(2) Blood pressure, body physique and body composition

The height, body weight, blood pressure and body composition were measured on the day of the survey.

The body weight, body fat percentage, and body muscle percentage were used to derive the body composition. A body composition analyzer (TBF-110,
Tanita Corporation, Tokyo) that followed the bioelectrical impedance method was used for the measurement. This device uses multiple frequencies,
such as 5 kHz, 50 kHz, 250 kHz, and 500 kHz, and is widely used in research targeting adults. In addition, the measuring instrument is intended for the
analysis of the body composition of subjects with a height of 110 cm and an age of 6 years or older. It has also been reported that this measurement
method is highly correlated with the DXA method.

(3) Bone evaluation

The bone evaluation was performed with an ultrasonic bone evaluation device (AOS-100NW, Aroca Co., Ltd., Tokyo) using a quantitative ultrasonic
method. The measurement site was the calcaneus, and the evaluation was based on the acoustic bone evaluation value (Osteo Sono-assessment
Index; OSI). With this device, the ultrasonic propagation speed (Speed of Sound: SOS) and the ultrasonic transmission index (TI) were measured, and
the OSI was calculated.

SOS corresponds to calci�cation and bone density, and TI corresponds to broadband ultrasound attenuation (BUA), which is a bone quality evaluation
index, and re�ects trabecular bone and bone density. OSI is calculated by the arithmetic expression: OSI = TI × SOS2, which re�ects the characteristics
of both SOS and TI. Therefore, OSI is regarded as one of the comprehensive index values in acoustic bone evaluation.

(4) Physical �tness

Regarding the physical strength, we measured the grip strength that is known to re�ect the muscular strength of the whole body. It was conducted
according to the method of the “New Physical Strength Test” established by the Japan Sports Agency of the Ministry of Education, Culture, Sports,
Science and Technology.

The Smedley type grip strength meter was used to measure the grip strength, and the grip width was adjusted so that the proximal interphalangeal joint
of the second �nger was �exed at 90°. For measurement, the limb position was a standing position with both legs open, the pointer of the grip strength
meter was held so that it faced outside, and the shoulders were slightly laterally displaced so as not to touch the body, and then the subject was asked
to grasp the grip strength meter with full force while exhaling. During the measurement, subjects were made sure that the grip strength meter was held
still while they maintained the basic posture. The measurement was performed twice on each leg, and measurements were taken alternately on the left
and right legs, and the best value was adopted. The measurements were taken twice alternately on each leg, and the highest value was recorded as the
result.

(5) Blood biochemical parameter

The blood samples were taken from children in the third grade of junior high school (14th /15th y. o) and adults in the early morning on an empty
stomach. The blood analysis was outsourced to LSI Medience Co., Ltd. The company also conducted the measurements of bone formation markers
(bone-type alkaline phosphatase, BAP, CLEIA method) and bone resorption markers (type I collagen cross-linking NNTX, CLEIA method).

3. Statistical analysis method

All analyses were performed by gender.

The items obtained from the �fth grade of elementary school (10th /11th y.o.) and those from the third grade of junior high school (14th /15th y. o.)
were compared using the paired t-test.

In order to examine the potential confounding factors, the correlations between OSI and height, body fat percentage, body muscle percentage, and grip
strength was con�rmed for each grade using a partial correlation coe�cient. At 14th /15th y.o., the correlation between OSI, BAP, and NTX was
con�rmed using the partial correlation coe�cient for 14th /15th y. o.

For investigating the effect of changes in physique and physical strength on OSI from the �fth grade of elementary school (10th /11th y. o.)to the third
grade of junior high school (14th /15th y. o.), the changes in body fat percentage (%fat), body muscle percentage (% muscle), and grip strength with
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respect to the change in OSI were examined using the multiple regression analysis. For the multiple regression analysis, the amount of change in OSI
was used as the objective variable, and the amount of change in each item was used as the explanatory variable.

The odds ratio and its 95% con�dence interval were calculated using the logistic regression analysis to assess the relationship between physique and
physical parameters in 10th /11th y. o and bone metabolism (OSI, BAP, and NTX) in 14th /15th y. o.

Height, % fat, % muscle, and grip strength were used as physique / physical �tness indicators for 10th /11th y. o., and each was divided into tertile. (low
value group, medium value group and high value group).

The SPSS 16.0J software (IBM, SPSS Inc., Chicago, IL, USA) was used for statistical analysis, and the signi�cance level was set to be P < 0.05.

4. Ethical considerations

The purpose of the study, the right to withdraw from the study at any point, the data management method including privacy data protection and data
anonymity were thoroughly explained to all subjects, and written consents were obtained from either themselves or from their parents/carers.

The Iwaki Health Promotion Project Elementary and Junior High School Health Survey was approved by the Institutional Review Board of the Graduate
School of Medicine, Hirosaki University (ethics numbers: 2009-048, 2010-084, 2011 − 111, 2012 − 163, 2013 − 339, 2014-060, and 2015-075) and
conducted in accordance with the principles of the Declaration of Helsinki.

This study was registered with UMIN (examination name: Iwaki Health Promotion Project Medical Examination; UMIN Exam ID: UMIN000040459).

Results
1. Differences between 10th /11th y.o. and 10th /11th y.o. (Tables 1 and 2)

In boys, all items except body fat percentage was signi�cantly increased (all P = 0.000), whereas in girls, all items were increased signi�cantly (P = 
0.000).

Table 1
Characteristics of subject (boys, N = 125)

  10th /11th y. o. 14th /15th y. o. P-value

Height (cm) 142.5 ± 6.7 167.8 ± 6.8 0.000

Body weight (kg) 37.0 ± 9.4 57.7 ± 10.9 0.000

% fat (%) 17.2 ± 10.8 17.9 ± 7.7 0.160

% muscle (%) 28.3 ± 3.6 44.2 ± 4.8 0.000

Hand grip (kg) 17.8 ± 3.4 32.1 ± 5.4 0.000

OSI (×105) 2.6 ± 0.4 2.9 ± 0.4 0.000

BAP (µg/L) - 57.6 ± 38.7 -

NTX (nmol BCE/mmol) - 77.7 ± 31.5 -

Mean ± Standard deviation, Pared t test
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Table 2
Characteristics of subject (girls, N = 152)

  10th /11th y. o. 14th /15th y. o. P-value

Height (cm) 144.5 ± 6.7 157.2 ± 5.7 0.000

Body weight (kg) 37.4 ± 7.4 51.7 ± 8.3 0.000

% fat (%) 20.0 ± 7.1 30.2 ± 6.7 0.000

% muscle (%) 27.9 ± 3.5 33.6 ± 3.2 0.000

Hand grip (kg) 17.6 ± 3.3 22.6 ± 3.9 0.000

OSI (×105) 2.5 ± 0.2 3.0 ± 0.4 0.000

BAP (µg/L) - 23.0 ± 15.5 -

NTX (nmol BCE/mmol) - 35.4 ± 13.8 -

Mean ± Standard deviation, Pared t test

 

2. Correlation in each grade (Tables 3 and 4)

No signi�cant correlation was found between each related item and OSI in 10th /11th y. o..

Table 3
Correlation coe�cients between bone density and other parameters (boys, N = 125)

    Height %fat %muscle Hand grip OSI BAP NTX

    R P-
value

R P-
value

r P-
value

R P-
value

R P-
value

R P-
value

R P-
value

10th
/11th
y. o.

Height   0.287 0.001 0.886 0.000 0.451 0.000 0.075 0.204        

  % fat 0.287 0.001   0.485 0.000 0.348 0.000 0.058 0.259        

  %
muscle

0.886 0.000 0.485 0.000   0.594 0.000 0.080 0.186        

  Hand
grip

0.451 0.000 0.348 0.000 0.594 0.000   0.060 0.254        

  OSI 0.075 0.204 0.058 0.259 0.080 0.186 0.060 0.254          

14th
/15th
y. o.

Height   0.060 0.252 0.732 0.000 0.363 0.000 0.148 0.049 -0.445 0.000 -0.406 0.000

  % fat 0.060 0.252   0.460 0.000 0.256 0.002 0.274 0.001 -0.025 0.390 -0.209 0.010

  %
muscle

0.732 0.000 0.460 0.000   0.651 0.000 0.429 0.000 -0.122 0.088 -0.339 0.000

  Hand
grip

0.363 0.000 0.256 0.002 0.651 0.000   0.390 0.000 -0.142 0.057 -0.454 0.000

  OSI 0.148 0.049 0.274 0.001 0.429 0.000 0.390 0.000   -0.328 0.000 -0.331 0.000

  BAP -0.025 0.390 -0.122 0.088 -0.142 0.057 -0.328 0.000 -0.445 0.000   0.366 0.000

  NTX -0.209 0.010 -0.339 0.000 -0.454 0.000 -0.331 0.000 -0.406 0.000 0.366 0.000  

Partial correlation coe�cient.
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Table 4
Correlation coe�cients between bone density and other parameters (girls, N = 152)

    Height %fat %muscle Hand grip OSI BAP NTX

    R P-
value

R P-
value

R P-
value

R P-
value

R P-
value

R P-
value

R P-
value

10th
/11th
y. o.

Height   0.207 0.005 0.885 0.000 0.659 0.000 0.405 0.000        

  % fat 0.207 0.005   0.463 0.000 0.130 0.055 0.188 0.010        

  %
muscle

0.885 0.000 0.463 0.000   0.672 0.000 0.525 0.000        

  Hand
grip

0.659 0.000 0.130 0.055 0.672 0.000   0.356 0.000        

  OSI 0.405 0.000 0.188 0.010 0.525 0.000 0.356 0.000          

14th
/15th
y. o.

Height   -0.095 0.242 0.781 0.000 0.532 0.000 0.154 0.058 -0.075 0.359 0.093 0.255

  % fat -0.095 0.242   0.210 0.009 0.071 0.385 0.157 0.054 -0.178 0.028 -0.202 0.013

  %
muscle

0.781 0.000 0.210 0.009   0.619 0.000 0.374 0.000 -0.097 0.236 -0.094 0.250

  Hand
grip

0.532 0.000 0.071 0.385 0.619 0.000   0.242 0.003 -0.137 0.093 -0.061 0.455

  OSI 0.154 0.058 0.157 0.054 0.374 0.000 0.242 0.003   -0.067 0.411 -0.189 0.020

  BAP -0.075 0.359 -0.178 0.028 -0.097 0.236 -0.137 0.093 -0.067 0.411   0.376 0.000

  NTX 0.093 0.255 -0.202 0.013 -0.094 0.250 -0.061 0.455 -0.189 0.020 0.376 0.000  

Partial correlation coe�cient.

 

On the other hand, there was a signi�cant positive correlation between all related items and OSI in girls (height: P = 0.000, body fat percentage: P = 
0.010, body muscle percentage: P = 0.000, and grip strength: P = 0.000).

OSI was positively correlated with body fat percentage, height, body muscle percentage and grip strength in the boys at 14th /15th y. o. (P = 0.049, P = 
0.001, P = 0.000, P = 0.000, and P = 0.000, respectively), whereas it was negatively correlated with BAP and NTX (P = 0.000 for both). Height was
positively correlated with body muscle ratio, grip strength, and OSI (P = 0.000, P = 0.000, and P = 0.049, respectively) and negatively correlated with NTX
values (P = 0.010). Body fat percentage was positively correlated with body muscle percentage, grip strength, and OSI (P = 0.000, P = 0.000, and P = 
0.049, respectively) and negatively correlated with NTX (P = 0.010). Body muscle percentage was positively correlated with height, body fat percentage,
grip strength, and OSI (all P = 0.000) and negatively correlated with NTX (P = 0.010). Grip strength was positively correlated with height, body fat
percentage, body muscle percentage, and OSI (P = 0.000, P = 0.002, P = 0.000, and P = 0.000, respectively) and negatively correlated between BAP and
NTX (all P = 0.000). BAP values were negatively correlated with height and OSI (all P = 0.000) and positively correlated with NTX (P = 0.000). NTX had a
negative correlation with height, body fat percentage, body muscle percentage, grip strength, and OSI (P = 0.000, P = 0.010, P = 0.000, P = 0.000, and P = 
0.000, respectively) and had a positive correlation with BAP (P = 0.000).

For the girls in 14th /15th y. o. a positive correlation was found between OSI, body muscle ratio, and grip strength (P = 0.000, P = 0.003, respectively).
Height was positively correlated with and body muscle percentage and grip strength (P = 0.000 and P = 0.000, respectively). Body fat percentage was
positively correlated with body muscle percentage (P = 0.009) and negatively correlated with BAP and NTX (P = 0.028 and P = 0.013, respectively). Body
muscle percentage was positively correlated with height, body fat percentage, grip strength, and OSI (P = 0.000, P = 0.009, P = 0.000, and P = 0.000,
respectively). Grip strength was positively correlated with height, body muscle ratio, and OSI (P = 0.000, P = 0.000, and P = 0.003, respectively). BAP was
negatively correlated with body fat percentage (P = 0.028) and positively correlated with NTX (P = 0.000). NTX showed a negative correlation with body
fat percentage and OSI (P = 0.013 and P = 0.020, respectively) and a positive correlation with BAP (P = 0.000).

3. Relationship between changes of related items and bone density over the 4 years (Tables 5 and 6)

For boys, the amount of change in height and the amount of change in body muscle rate affected the amount of change in OSI (P = 0.000 and P = 
0.001 respectively). For girls, there were no such factors in�uencing the amount of change in OSI.
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Table 5
Results of multiple regression analysis (boys, N = 125)

Objective
valuable

Explanatory variable Partial regression
coe�cient (B)

Standard
error

standardized partial regression
coe�cient(β)

P-
value

Adjusted
R2

OSI Changing value of
height

-0.061 0.013 -0.490 0.000 0.567

  Changing value of %
fat

0.001 0.008 0.014 0.879  

  Changing value of %
muscle

0.058 0.017 0.344 0.001  

  Changing value
offhand grip

0.009 0.009 0.072 0.310  

Multiple regression analysis. Adjusted by values at the 5th grade of primary school.

 
Table 6

Results of multiple regression analysis (girls, N = 152)
Objective
valuable

Explanatory variable Partial regression
coe�cient (B)

Standard
error

standardized partial regression
coe�cient(β)

P-
value

Adjusted
R2

OSI Changing value of
height

-0.010 0.012 -0.173 0.411 -0.010

  Changing value of %
fat

0.004 0.006 0.069 0.480  

  Changing value of %
muscle

0.023 0.021 0.210 0.288  

  Changing value
offhand grip

0.013 0.010 0.140 0.187  

Multiple regression analysis. Adjusted by values at the 5th grade of primary school.

 

4. The in�uence which health state at 10th /11th y. o. have in 4 years when they are at10th /11th y. o. (Tables 7 and 8)

(1) In�uence on OSI: Boys showed high odds ratios in the group with high height, body fat percentage, and grip strength (P = 0.003, = 0.004, and = 
0.001, respectively). In terms of body muscle ratio, the medium-value group and the high-value group showed signi�cantly higher odds ratios (P = 0.015
and P = 0.000, respectively). For girls, the odds ratios for height, body muscle percentage, and grip strength were signi�cantly higher in the medium- and
high-value groups (height: P = 0.001 and P = 0.001, body muscle percentage: P = 0.004 and P = 0.000, and grip strength: P = 0.037 and P = 0.006,
respectively), but there was no signi�cant difference in body fat percentage.

(2) In�uence on BAP: In boys, the odds ratio was signi�cantly higher in the high body fat percentage and body muscle percentage groups (P = 0.008
and P = 0.002, respectively). In the case of grip strength, the odds ratios were signi�cantly higher in the medium- and high-value groups (P = 0.008 and
P = 0.000, respectively). However, there was no signi�cant difference in height. Girls showed signi�cantly higher odds ratios in the high body fat
percentage and grip strength groups (P = 0.002 and P = 0.003, respectively). In terms of height and body muscle ratio, signi�cantly higher odds ratios
were shown in the medium- and high-value groups (height: P = 0.047 and P = 0.001 and body muscle ratio: P = 0.004 and P = 0.001, respectively).

(3) In�uence on NTX: In boys, the odds ratio was signi�cantly higher in the group with high height, body fat percentage, and grip strength (P = 0.000, P 
= 0.000, and P = 0.004, respectively). In terms of body muscle ratio, the odds ratios were signi�cantly higher in the medium and high-value groups (P = 
0.033 and P = 0.000, respectively). Girls showed signi�cantly higher odds ratios in all the medium- and high-value groups (height: P = 0.014 and P = 
0.002, body fat percentage: P = 0.021 and P = 0.013, body muscle percentage: P = 0.001 and P = 0.000, and grip strength: P = 0.040 and P = 0.000,
respectively).
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Table 7
Odd ratios of body physic / physical �tness at 10th /11th y. o. for bone metabolic markers at 14th /15th y. o. (boys, N = 125)

    Trixie(N) OSI BAP NTX

β 95%CI P-
value

β 95%CI P-
value

β 95%CI P-
value

5th grade at

primary
school

Height(cm) 126.7-
139.5(41)

- - - - - - - - -

139.6–
145.0(42)

1.841 [0.500-6.771] 0.340 1.004 [0.993–
1.015]

0.520 0.993 [0.979–
1.007]

0.300

145.1-
158.5(42)

7.057 [1.952–
25.506]

0.000 0.989 [0.978–
1.001]

0.080 0.963 [0.945–
0.981]

0.000

% fat(%) 3.0-10.3(41) - - - - - - - - -

10.5–18.8(41) 1.612 [0.485–
5.356]

0.170 0.993 [0.982–
1.004]

0.230 1.000 [0.987–
1.014]

0.990

19.0–57.0(41) 3.387 [3.387–
10.872]

0.040 0.984 [0.972–
0.996]

0.010 0.965 [0.947–
0.984]

0.000

%
muscle(%)

20.85–
26.90(32)

- - - - - - - - -

26.95–
29.45(44)

6.095 [1.412–
26.310]

0.020 0.997 [0.986–
1.008]

0.590 0.984 [0.969–
0.999]

0.030

29.50–
40.90(49)

24.581 [5.350-
112.929]

0.000 0.980 [0.967–
0.992]

0.000 0.945 [0.924–
0.967]

0.000

Hand
grip(kg)

9.4–15.9(32) - - - - - - - - -

16.0–18.0(44) 1.570 [0.356–
6.923]

0.550 0.981 [0.967–
0.995]

0.010 0.993 [0.979–
1.007]

0.310

19.0–28.0(49) 10.764 [2.505–
46.260]

0.000 0.969 [0.955–
0.984]

0.000 0.977 [0.962–
0.993]

0.000

Logistic regression analysis, standardized partial regression coe�cient: β
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Table 8
Odd ratios of body physic / physical �tness at 10th /11th y. o. for bone metabolic markers at 14th /15th y. o. (girls, N = 152)

    Trixie(N) OSI BAP NTX

β 95%CI P-
value

β 95%CI P-
value

β 95%CI P-
value

5th grade at

primary
school

Height(cm) 127.9-
141.9(54)

- - - - - - - - -

142.1-
147.4(49)

10.349 [2.761–
38.792]

0.000 0.973 [0.947-
1.000]

0.050 0.962 [0.933–
0.992]

0.010

147.5-
163.3(49)

9.789 [2.616–
36.629]

0.000 0.944 [0.913–
0.975]

0.000 0.945 [0.912–
0.979]

0.000

% fat(%) 8.6–16.5(51) - - - - - - - - -

16.6–20.5(50) 0.904 [0.312–
2.623]

0.850 0.974 [0.949–
1.001]

0.060 0.965 [0.936–
0.995]

0.020

20.6–47.5(51) 1.099 [0.387–
3.120]

0.860 0.953 [0.924–
0.983]

0.000 0.961 [0.931–
0.991]

0.010

%
muscle(%)

18.55–
26.20(50)

- - - - - - - - -

26.30-
29.35(48)

8.010 [1.980–
32.410]

0.000 0.956 [0.926–
0.986]

0.000 0.944 [0.912–
0.978]

0.000

29.50–
39.10(54)

19.066 [4.666–
77.911]

0.000 0.948 [0.918–
0.979]

0.000 0.934 [0.901–
0.969]

0.000

Hand
grip(kg)

9.8–15.8(51) - - - - - - - - -

16.0–19.0(53) 3.542 [1.079–
11.628]

0.040 0.987 [0.963–
1.011]

0.290 0.971 [0.943–
0.999]

0.040

19.3–25.0(48) 5.541 [1.652–
18.592]

0.010 0.952 [0.922–
0.983]

0.000 0.931 [0.895–
0.969]

0.000

Logistic regression analysis, standardized partial regression coe�cient: β

Discussion
Bones repeats formation and resorption constantly throughout life. These bone metabolisms are regulated by various hormones and cytokines. Bone
growth has two peaks: a primary growth phase, which occurs up to the age of 5 years, and a secondary growth phase in puberty. During the secondary
growth period, bones �nish growing in the longitudinal direction, the epiphyseal line is closed, the cancellous bone becomes denser, and the bone
density increases. The age of the subjects in this study are of the ages required for the secondary sexual characteristics. Also, this is the age where
bone metabolism regulators are closely associated with each other due to the increase of sex hormones. Rauchenzauner et al. reported that the age
and gender variabilities of the bone metabolism in adolescent are very high and that both BAP and the bone resorption marker RACP-5b decrease after
15 y. o. However, there are very few reports on trends in bone metabolism markers and related factors in puberty.

The results obtained in this study suggest the followings;

1. For girls, the size of the physique at 10th /11th y. o. was found to have a positive correlation with the OSI at that time. However, this tendency was
not seen in boys. This suggests that in girls, developing physique in early puberty is effective in acquiring OSI.

2. By examining the amount of change from 10th /11th y. o. to 14th /15th y. o., it was shown that the amount of change in height and body muscle
ratio was positively correlated with the amount of change in OSI not only in boys, but also in girls. In addition, the amount of changes in all
physique factors for the boys at 14th /15th y. o. was positively correlated with the amount of change in OSI. On the other hand, this tendency was
low for the girls, and the amount of change in body muscle ratio and muscle strength were the only two items that were positively correlated with
the amount of change in OSI. From the data obtained above, it was suggested that the development of physique from 10th /11th y. o. to 14th
/15th y. o. is effective for acquiring OSI in boys.

3. For both boys and girls, a positive correlation was shown between body size (height, muscle ratio, and grip strength) at 10th /11th y. o and
between OSI and bone metabolism at 14th /15th y. o. This correlation was signi�cant in girls. This suggests that development of physique (height,
body muscle ratio, and grip strength) in early puberty is effective in increasing OSI.

The peak height velocity age (PHVA) during the secondary growth period in Japanese is 13 years for boys and 11 years for girls, and this growth rate is
higher for boys. At the age of 11 years, subjects are at 14th /15th y. o., whereas at the age of 13 years, subjects are at 12nd /13rd y. o. The subjects of
this study, i.e., girls at 10th /11th y. o. are at PHVA, whereas boys 10th /11th y. o. is in the early stages of growth. On the other hand, in 14th /15th y. o.,
boys are at PHVA completion phase, whereas girls are in the period of �nishing the secondary growth period. For boys and girls, the growth period ends
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at the age of 17 and 15 years, respectively, along with the closure of the epiphyseal line and an increase in bone density. Considering this background
and the results of this study, it is important to note that the girls tend to reach PHVA approximately 2 years earlier than the boys, thus, their PBM needs
to be increased when they are in 10th /11th y. o. For the boys, their physique needs to be developed by the same grade in order to increase PBM.

In the previous studies that included subjects from toddler to adolescent to examine the bone metabolism markers have reported an increase in both
bone resorption markers and bone formation markers. This was suggested to be the result of active bone metabolism.

There have been many studies on the relationship between bone metabolism and bone density in adults. Although there are reports with slightly
different tendency for men, the results of previous studies are generally summarized as increases in bone metabolism markers during the growth
period, followed by a decrease in their 40s and remain unchanged in the elderly.

In the Iwaki Health Promotion Project, The results on adolescent Project and the trends of bone metabolism markers obtained in the Iwaki Health
Promotion were similar to those of previous studies. Speci�cally, both markers were high at 14th /15th y. o. for both boys and girls (boys: BAP 57.6 ± 
38.7 and NTX 77.7 ± 31.5; girls: BAP 23.0 ± 15.5 and NTX 35.4 ± 13.8), and then dropped sharply in adults (males in their early 20s: BAP 16.1 ± 3.7 and
NTX 18.8 ± 4.4; females: BAP 12.2 ± 3.2 and NTX 14.9 ± 3.0), and remained stable thereafter. This indicated that bone metabolism is active in boys and
girls at 14th /15th y. o. who have high values of both markers.

Both markers were higher in boys than in girls. Bone density increases after the epiphyseal line closes, leading to PBM. It was considered that there was
a gender difference in boys at 14th /15th y. o. because they were still in the growth stage and the epiphyseal line was not closed, whereas in girls, it was
the period when the epiphyseal line was closed. In other words, boys are in a period of height growth and bone growth is active, whereas girls are in a
period of bone growth and bone maturation at 14th /15th y. o.

Based on the above data from the viewpoint of PHVA and for improving PBM, it is important to practice a lifestyle to increase height and muscle mass
su�ciently by 14th /15th y. o. for boys and by 10th /11th y. o. for girls.

Conclusions
The results were obtained by following children for 4 years from ages 10/11 to 14/15 living in the Iwaki district of Aomori prefecture.

The bone metabolism markers suggested that bone metabolism was prominently active at 14th /15th y. o., and this tendency was signi�cantly
remarkable in boys.

For girls, a signi�cant relationship between physique and OSI was already observed in 10th /11th y. o., and it was considered important to develop
physique at least by this time. On the other hand, for boys, the development of physique from 10th /11th y.o. to 14th /15th y. o. was considered to be
important for increasing OSI. This difference is thought to be due to the fact that PHVA differs between men and women.
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