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Introduction 

  The activity level in the daily living, exercise habits1-3), 

eating habits4 6), shapes (height and weight)7,8), percentage 

of body fat and body fat mass9,10), menses state11,12), 

smoking13),drinking3), stress14), heredity5,15), sex hormone16), 

level of solar radiation exposure17) , and medicine18) etc. 

have a huge influence on the onset of osteoporosis. Early 

detection and settlement are the primary means of prevention. 

Furthermore, it is necessary for people to have their bone 

strength tested and to make effort to increase their bone 

strength during adolescence3,19). 

  In recent years, as the factors influencing on the bone 

strength, many researchers have paid deep attention to serum 

leptin which is secreted from fat cells, and sympathetic nerve 

system20-26). But it is not known sufficiently about the 

potential degree of the relationship between the bone mineral 

density or the bone strength of the human body and serum 

leptin. Further study will make it possible to gain new 

knowledge about the relationship between obesity, increased 

sympathetic nerve activity induced by the stress or physical 

exercise and osteoporosis from the other point of view. 

  The aim of this study is to elucidate the relationship 

between the bone assessment- related indices measured by 

the ultrasonic equipment and serum leptin with females.     

 

 

 

 

 Methods 

 A. Subjects 

  Fifty-seven healthy females aged 23-69 years participated 

in this study as a subject. Their age, height, weight, BMI, 

percentage of body fat, and body fat mass were 52.8 9.4 

years (mean standard deviation, it was the same in the 

following), 153.7 5.3cm, 22.6 2.7kg/m2, 26.2 7.3%, 

and 14.3 5.5kg respectively. 

 B. Measurement items 

  SOS (which is speed of sound when the ultra sound 

penetrates through the calcaneus bone, and is thought to 

reflect the density of the spongy bone in the calcaneus bone), 

TI (which is transmission index when ultra sound penetrates 

through the calcaneus bone, and is thought to reflect the 

mass of the spongy bone in the calcaneus bone), and OSI 

(which is osteo-sono assessment index, and is calculated in 

TI OSI2 ,and is thought to reflect the elasticity of the bone) 

were measured using a ultrasonic bone assessment 

equipment AOS-100 made by Hitachi Aloka Medical, Ltd. 

as calcaneus bone assessment-related indices. The median 

was made by measuring the right calcaneus bone for each 

individual three times. On the identical day, the venous blood 

was collected and serum leptin was assayed (the analysis 

was provided by Cosmic Corporation). This study was 

conducted at Hokuriku Institute of Wellness and Sports 

Sciences (Komatsu city, Ishikawa prefecture), and the aim of 

this study was explained sufficiently to each subject and 

informed consents were obtained from all the subjects before 
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the measurements. 

 C. Statistical analysis 

  Pearson’s product-moment correlation coefficient and 

partial correalation coefficient were calculated by using the 

statistical software SPSS15.0J for Windows. A p value of 

less than 0.05 was considered to indicate statistically 

significant. 

 

Results  

  The value of leptin was 7.41 4.15 ng/ml. Table 1 

revealed the correlation coefficients of serum leptin with 

each calcaneus bone assessment-related indices. Each 

correlation coefficient was negative but was below the 

significant level. 

 

Table 1. Correlation coefficients between serum leptin and 

calcaneus bone assessment-related indices 

 

 

 

 

 

Table 2 revealed the partial correlation coefficients of 

serum leptin with each calcaneus bone assessment-related 

indices independent of age, weight and body fat mass.  

 

Table 2. Partial correlation coefficient between serum leptin 

and calcaneus bone assessment-related indices 

 

 

 

 

 

 

The partial correlation coefficient of serum leptin with 

SOS was negative value was below the significant level. The 

partial correlation coefficient of serum leptin with TI was 

negative and was above the significant level. Consequently, 

the partial correlation coefficient of serum leptin with OSI 

was negative and had statistical risk of less than 10% which 

was below the significant level. 

 

Discussion 

  Serum leptin produced by the stimulus of insulin is the 

obese gene-derived hormone which was found during the 

study of the cause on the disease of the hereditary obese 

mouse in 1994, and is secreted from the fat cell. It brings the 

strong eating restraint and the acceleration of the energy 

consumption mainly through the receptor of hypothalamus. 

Therefore, it is thought that the lack of leptin’s action plays 

the important role to the origin of obesity. Serum leptin has 

sex difference in the amount, has positive correlation with 

percentage of the body fat, is different in individual, and is 

dependent on the age roughly27).   

 When serum leptin acts on hypothalamus, sympathetic 

nerve system is activated and inhibits the bone formation by 

the osteoblast through the medium of noradrenalin and -2 

adrenergic receptor, and besides that, promotes the formation 

of the osteoclast by producing the RANKL (Recetor 

Activator of NK-kBligand), so that both simultaneous 

actions decrease the bone mass. On the other hand, at the 

same time when serum leptin acts on hypothalamus, CART 

(Cocaine Amphetamine Regulated Transcript, which is 

regulated in hypothalamus) of one of the neuropeptide 

promotes the action of the osteoblast and results in the 

promotion of the bone formation through the humoral 

pathway20-22,25). Therefore, serum leptin is thought to have  

reciprocal influences of both positive and negative directions 

on the bone mass. 

  The partial correlation coefficients of serum leptin with the 

bone assessment-related indices of SOS, TI and OSI 

independent of age, weight and body fat mass were obtained 

Items r 

Serum leptin vs.SOS -0.095 

Serum lptin vs.TI -0. 4  

Serum leptin vs.OSI -0. 34 

Items r 

Serum leptin vs.SOS    -0. 57 

Serum leptin vs.TI    -0.286 * 

Serun leptin vs.OSI    -0.256 

 * p<0.05 
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along the above-mentioned results and the close relationship 

of the bone strength with weight7,8). They were higher than 

the correlation coefficients of serum leptin with the bone 

assessment-related indices in the negative direction as a 

self-evidence. 

  Furthermore, weak but significant and negative 

correlation coefficient was admitted between serum leptin 

and TI which reflected the bone mass. Weak, negative and 

nearly significant level of correlation coefficient was 

admitted between serum leptin and OSI which reflected the 

bone elasticity. When considered the negative influence of  

sympathetic nerve activity induced by serum leptin on the 

bone metabolism (including RANKL) and the humoral, 

direct and positive influence of CART on the bone, it was 

thought to be natural that the partial correlation coefficients 

were low, and it was suggested that the negative values of the 

partial correlation coefficients were attributed to the stronger 

action of the bone resorption than the one of the bone 

formation caused by serum leptin. But the reason why only 

the TI showed the significant partial correlation coefficient 

was unknown. Further study to analyze the more 

premenopausal and postmenopausal females separately is 

needed. 

  Sato28) reported that there was a low and negative but 

significant correlation coefficient (r=-0.210, p<0.01) 

between the bone mineral density (measured by single 

photon absorptiometry) and serum leptin after adjustment for 

weight with 221 females (their age, height, weight and BMI 

were 52.1 8.7 years, 167.5 5.8cm, 66.4 9.2kg and 23.6

2.8kg/m2 ,respectively). In that study, it was suggested that 

serum leptin was possible negative regulatory factor to the 

bone mineral density. The correlation coefficient of that 

study was roughly the same as the partial correlation 

coefficient of present study.        

  The previous study29) in which the relationship of the 

autonomic nerve activity with bone mineral density was 

examined showed no significant correlation coefficient 

between them. But the subjects of that study were only  

diabetics and not healthy people. In addition, the author of 

that study had made a vital mistake in regards to the integral 

value of the frequency range 0.04-0.15Hz of the power 

spectrum density (Lo) when analyzing the heart rate 

variability by using fast Fourier transformation as the index 

of sympathetic nerve activity because Lo was the frequency 

band which contained both sympathetic nerve activity and 

parasympathetic nerve activity30). Consequently, Lo/Hi (in 

which Hi is the integral value of the high frequency range 

0.15-0.40Hz of the power spectrum density) should be used 

as the index of sympathetic nerve activity30). Even more, that 

study emphasized the necessity to examine the relationship 

of the bone mineral density with muscle sympathetic nerve 

activity which is presumed to resemble the bone-controlled 

sympathetic nerve activity, however, muscle sympathetic 

nerve activity has already been reported to be correlated with 

cardiac sympathetic nerve activity and renal sympathetic 

nerve activity even from the results of animal experiments31), 

so that it seems to be valid that the relationship of the bone 

mineral density with cardiac sympathetic nerve activity 

using the spectrum analysis of the heart rate variability will 

be examined.       

  Hereafter further study to examine the relationship of bone 

mineral density with sympathetic nerve activity using Lo/Hi 

or the other index containing only the component of 

sympathetic nerve activity with healthy subjects will be 

needed. In addition, it has been reported that adiponectin has 

a direct influence on the differentiation of the osteoblast32) 

and serum homocysteine relates closely with the bone 

quality and bone fracture34), so additional study to elucidate 

these mechanisms is needed . 

 The bone formation is accelerated through the activation 

of the osteoblast induced by the increasing blood flow into 

the bone marrow and accompanying increased bone 
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metabolism turnover rate by exercise. Piezoelectric occurs to 

the loaded bone by the exercise and calcium ion gets fixed 

here (Wolff’s law34)), so that the bone mass increases. But 

sympathetic nerve is activated simultaneously by exercise, so 

the way in which the acceleration of sympathetic nerve 

activity associates with the phenomenon of the increased 

bone mass and the movement of the RANKL and CART 

during exercise will have to be reconfirmed. 

  Obese persons are thought to have the chance to increase 

the bone mass due to the piezoelectric effect induced by 

being overweight, however, they possess a high value of 

serum leptin which has a negative influence on their bone 

mass. Contrary to it, the obese persons are known to show 

the depressed action of their sympathetic nerve activity as the 

obesity-derived term MONA LIZA (Most Obesity Known 

are Low in Sympathetic Activity) hypothesis35) is usually 

used. And a few papers19,36) reported that there was no 

relationship between body fat mass and bone mass. The  

need to elucidate these topics in further detail is indicated. 

 In summary, this study suggests that sum total of the  

action to bone induced by serum leptin tends to result in 

strengthening the state of the bone resorption. 

     

References 

1)Slemenda, C.W., Miller, J.Z., Hui, S.L., Reister, T.K., & 

Jonston Jr, C.C.; Role of physical activity in the develop- 

ment of skeletal mass in children. J. Bone Miner. Res., 6: 

pp.1227-1233,1991 

2)Snow-Harter, C., Marcus, R.; Exercise, bone mineral 

density, and osteoporosis. Exerc. Sport. Sci. Rev.,19:pp. 

351-388, 1991  

3)Cooper, C., Cawley, M., Bhalla, A., Egger, P., Ring, F., 

Morton, L., & Barker, D.; Childhood growth, physical 

activity, and peak bone mass in women. J. Bone 

Miner.Res., 6:pp.940-947, 1995  

4)Ruiz, J.C., Mandel, C., & Garabedian, M.; Influence of 

spontaneous calcium intake and physical exercise on the 

vertebral and femoral bone mineral density of children 

and adolescents. J. Bone Miner. Res., 5:pp.675-682,1995  

5)Matkovic, V., Fontana, D., Tominac, C., Goel, P., & 

Chesnut , C.H.; Factors that influence peak bone mass 

formation : a study of calcium balance and the inheritance 

of bone mass in adolescent females. Am. J. Clin. Nutr., 52: 

pp.878-888, 1990 

6)Kubota, M., Yoshida, S., Kawamura, K., Ikeda, M., 

Murase, T., & Watanabe, J.; Factors determining bone 

mass in puberty. The 12th Research-Aid Report in 

Medical and Health Science of Meiji Yasuda Life 

Foundation of Health and Welfare, pp.40-50, 1997 

7)Katahira, G., Inagaki, Y., Tsuji, M., Matsui, H., & Sakai, 

T.;Measurement of calcaneal bone mineral density using 

single-energy X-ray absorptiometry(SXA) in healthy 

Japanese. J.Jpn.Soc.Bone Morphom., 5:pp.109-115, 1995 

8)Felson, D.T., Zhang,Y., Hannan, M.T., & Anderson,J.J. ; 

Effects of weight and body mass index on bone mineral 

density in men and women : the Framingham study. J. 

Bone Miner. Res., 8:pp.567-573, 1993 

9)Ravn, P., Cizza, G., Bjarnason, N.H., Thompson, D., Daley, 

M., Wasnich, R.D., Mcclung, M., Hosking, D.,Yates, A.J., 

& Christiansen, C.; Low body mass index is an important 

risk factor for low bone mass and increased bone loss in 

early postmenopausal women. J. Bone Miner. Res., 14:pp. 

1622-1627, 1999 

10)Reid, I.R., Plank, L.D., & Evans, M.C.; Fat mass is an 

important determinant of whole body bone density in 

premenopausal women but not in men. J. Clin. Endocrinol. 

Metab., 75:pp.779-782, 1992 

11)Dalsky, G.P.; Effect of exercise on bone : permissive 

influence of estrogen and calcium. Med. Sci. Sports 

Exerc., 22: pp.281-285, 1990 

12)Drinkwater, B.L., Nilson, K., CHesnut ,C.H.,Bremner, 

W.J., Shainholtz, S., & Southworth, M.B.; Bone mineral 

Relationship between Serum Leptin and Calcaneus BoneAssessment-Related Indices in Females（Ryosuke OKANO Kenichi KATSUKI Michio KATSUKI）



content of amenorrheic and eumenorrheic athletes. N. 

Engl. J. med., 311:p277-281, 1984  

13)Hopper, J.L., & Seeman, E.; The bone density of female 

twins discordant for tobacco use. N. Engl. J. Med., 330:pp. 

387-392, 1994 

14)Kumano, H.; Osteoporosis and stress, Clin. Calcium.15: 

pp.1544-1547, 2005 

15)Pocock, N.A., Eisman, J.A., Hopper, J.L., Yeates, M.G., 

Sambrook, P.N., & Eberl, S.; Genetic determinants of 

bone mass in adults : a twin study. J. Clin. Invest., 80:pp. 

706-710, 1987 

16)Nelson, M.E., Meredith, C.N., Dawson-Hughes, B., & 

Evans, W.J.; Hormone and Bone mineral status in 

endurance-trained and sedentary postmenopausal women. 

J. Clin. Endocrinol. Metab., 66:pp.927-933,1988  

17)Rozman, B., Klai , Z.B., & Skreb, F.; Influence of the 

incoming solar radiation on the bone mineral density in 

the female adult population in Croatia. Coll. Antropol., 27: 

pp.285-292, 2003 

18)Becker, D., Liver, O., Mester, R., Rapoport, M., Weizman, 

A., & Weiss, M.; Risperidone, but not olanzapine, 

decreases bone mineral density in female premenopausal 

schizophrenia patients. J. Clin. Psychiatry, 64:pp.761-766, 

2003 

19)Okano,R.; The growth characteristic and sexual differ- 

ence of calcaneal bone stiffness. Jpn. J. School Health, 46: 

pp.59-66, 2004 

20)Ducy, P., Amling, M., Takeda, S., Priemel, M., Schilling, 

A.F., Bell, F.T., Shen, J., Vinson, C., Rueger, J.M., & 

Karsenty, G.; Leptin inhibits bone formation through a 

hypothalamic relay: A central control of bone mass. Cell, 

100:pp.197-207, 2000  

21)Flier, J.S.; Physiology: Is brain sympathetic to bone? 

Nature, 420:pp.619-622, 2002 

22)Eleferious, F., Ahn, J.D., Takeda, S., Starbuck, M., Yang, 

X., Lui X., Kondo, H., Richard, W.G., Bannon ,T.W., 

Noda, M., Clement, K., Vaisse, C., & Karsenty G.; Leptin 

regulation of bone resorption by the sympathetic nervous 

system and CART. Nature, 434:pp.514-520, 2005 

23)Iwamoto, I., Douchi, T., Kosha, S., Murakami, M., Fujino, 

T., & Nagata, Y.; Relationship between serum leptin level 

and regional bone mineral density, bone metabolic 

markers in healthy women. Acta. Obset. Gynecol. Scand., 

79:pp.1060-1064, 2000 

24)Morberg, C.M., Tetens, I., Black, E., Toubro, S., 

Soerensen, T. I. A., Pedersen, O., & Astrup, A.;Leptin and 

bone mineral density: A cross-sectional study in obese and 

nonobesemen. J. Clin Endocrinol. Metab., 88:pp.5795- 

5800, 2003 

25)Togari, A., Arai, M., & Kondo, A.; The role of the 

sympathetic nervous system in controlling bone metabo- 

lism. Expert Opin. Ther. Targets, 9:pp.931-940, 2005 

26)Mano, T., Nishimura, N., & Iwase, S.; Sympathetic neu- 

ral influence on bone metabolism in microgravity 

(Review). Acta. Physiol. Huge., 97:pp.354-361, 2010 

27)Considine,R., Sinha, M. K., Heiman, M. L., Kriauciunas, 

A., Stephens, T. W., Nyse, M. R., Ohannesian, J. P., Marco, 

C. C., McKee, L. J., Bauer, T. L., & Caro, J. F.; Serum 

immunoreactive-leptin concentrations in normal-weight 

and obese humans. N. Engl. J. Med., 334:pp.292-295, 

1996 

28)Sato, M.; Association between serum leptin concentra- 

tions and bone mineral density, and biochemical markers 

of bone turnover in adults men. Doctoral dissertation 

(medicine) in University of Gifu, 2002 

29)Maser, R.E., Stabley, J.N.,Lenhard, M.J.,& Provost-Craig, 

M.A.; Autonomic nerve fiber function and bone mineral 

density in individual with type 1 diabetes: A cross-sectional 

study. Diabetes Res.Clin.Pract., 84:pp.252-258, 2008 

30)Yamamoto, Y., Hughson, R. L., & Peterson, J. C.; 

Autonomic control heart rate during exercise studied by 

heart rate variability spectral analysis. J. Appl .Physiol., 

Bulletin of Yamaguchi University of Human Welfare and Culture, Vol.7, March.  2013



71:pp.1136-1142, 1991 

31)Kamiyama, A., Kawada, T., Yamamoto, K., Michikami, 

D., Ariumi, H., Miyamoto, T., Uemura, K., Sugimachi, M., 

& Sunagawa, K.; Muscle sympathetic nerve activity 

averaged over 1 minute parallels renal and cardiac sympa- 

thetic nerve activity in response to a forced baroreceptor 

pressure change. Circulation, 112:pp.384-386, 2005 

32)Kamada, A., Ikeda, T., Yoshikawa, Y., Domae, E., Goda, 

S., Tamura, I., Tanabe, K., Tanabe, J., Itsusaki, H., 

Kinoshita, G., Kitano, T., Kikuchi, Y., & Okazaki, J.; Gene 

expression of adipocytokine receptors during osteoblastic 

diffrentiation. J. Oral Tissue. Engin., 7:pp.53-60, 2009 

33)McLean, R. R., Jacques, P. F., Selhub, J., Tucker, K., 

Samelson, E. J., Broe, K. E., Hannan, M. T., Cupples, L. 

A., & Kiel, D. P.; Homocysteine as a predictive factor for 

hip fracture in older persons. N. Engl. J. Med., 350:pp. 

2042-2049, 2004 

34)Woo, S.L.-Y., Kuei, S.C., Amiel, D., Gomez, M.A., 

Hayes, W.C., White, F.C., & Akeson, W.H.; The effect of 

prolonged physical trainig on the properties of bone : a 

study of Wolff’s l aw. J. Bone. Joint. Surg., 63-A:pp.780- 

787, 1981 

35)Bray, G. A.; Obesity, a disorder of nutrient partitioning: 

The MONA LISA hypothesis. J. Nutr., 121:pp.1146-1162, 

1991 

36)Okano, R.; Relationship between anthropometric meas- 

ures, percentage body fat, life history and calcaneal bone 

strength of the male university students. Yamaguchi 

University of Human Welfare and Culture Review, 

2:pp.1-7, 2009 

 

 

Relationship between Serum Leptin and Calcaneus BoneAssessment-Related Indices in Females（Ryosuke OKANO Kenichi KATSUKI Michio KATSUKI）



 

 

   

 

SOS,TI,OSI

23 69 52.8 9.4 57 TI

OSI

RANKL CART

 

Bulletin of Yamaguchi University of Human Welfare and Culture, Vol.7, March.  2013


