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Evaluation of Bone and Body Mineral Profile in
Association with Protein Content, Fat, Fat-Free,
Skeletal Muscle Tissues According to Obesity
Classification among Adult Men
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Abstract—Obesity is associated with increased fat mass as well
as fat percentage. Minerals are the elements, which are of vital
importance. In this study, the relationships between body as well as
bone mineral profile and the percentage as well as mass values of fat,
fat-free portion, protein, skeletal muscle were evaluated in adult men
with normal body mass index (N-BMI), and those classified
according to different stages of obesity. A total of 103 adult men
classified into five groups participated in this study. Ages were
within 19-79 years range. Groups were N-BMI (Group 1),
overweight (OW) (Group 2), first level of obesity (FLO) (Group 3),
second level of obesity (SLO) (Group 4) and third level of obesity
(TLO) (Group 5). Anthropometric measurements were performed.
BMI values were calculated. Obesity degree, total body fat mass, fat
percentage, basal metabolic rate (BMR), visceral adiposity, body
mineral mass, body mineral percentage, bone mineral mass, bone
mineral percentage, fat-free mass, fat-free percentage, protein mass,
protein percentage, skeletal muscle mass and skeletal muscle
percentage were determined by TANITA body composition monitor
using Dbioelectrical impedance analysis technology. Statistical
package (SPSS) for Windows Version 16.0 was used for statistical
evaluations. The values below 0.05 were accepted as statistically
significant. All the groups were matched based upon age (p > 0.05).
BMI values were calculated as 22.6 + 1.7 kg/m? 27.1 £ 1.4 kg/m’,
32.0 £ 1.2 kg/m?, 37.2 + 1.8 kg/m?, and 47.1 + 6.1 kg/m? for groups
1, 2, 3, 4, and 5, respectively. Visceral adiposity and BMR values
were also within an increasing trend. Percentage values of mineral,
protein, fat-free portion and skeletal muscle masses were decreasing
going from normal to TLO. Upon evaluation of the percentages of
protein, fat-free portion and skeletal muscle, statistically significant
differences were noted between NW and OW as well as OW and
FLO (p < 0.05). However, such differences were not observed for
body and bone mineral percentages. Correlation existed between
visceral adiposity and BMI was stronger than that detected between
visceral adiposity and obesity degree. Correlation between visceral
adiposity and BMR was significant at the 0.05 level. Visceral
adiposity was not correlated with body mineral mass but correlated
with bone mineral mass whereas significant negative correlations
were observed with percentages of these parameters (p < 0.001).
BMR was not correlated with body mineral percentage whereas a
negative correlation was found between BMR and bone mineral
percentage (p < 0.01). It is interesting to note that mineral
percentages of both body as well as bone are highly affected by the
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visceral adiposity. Bone mineral percentage was also associated with
BMR. From these findings, it is plausible to state that minerals are
highly associated with the critical stages of obesity as prominent
parameters.
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I. INTRODUCTION

BESITY is a well-known public health problem
throughout the world. It is associated with a low-grade

inflammation and may lead to chronic diseases such as
diabetes mellitus, metabolic syndrome, cardiovascular
diseases, and certain types of cancer. Although it is a life-
threatening clinical problem, beneficial effects of obesity on
bone health were being reported. Some studies confirmed that
increased BMI is associated with higher bone mineral density
(BMD) [1], [2]. It is also reported that individuals have higher
bone mineral content (BMC) and BMD in obese children and
adults [1]-[4]. All have the common point of view related to
the evidence suggesting that excess fat accumulation may
have beneficial effects on particularly weight-bearing bones
by way of mechanical loading such as increased weight.
However, there are reports opposing this view. In
experimental studies, fat accumulation has been shown to
impair bone health [5], [6]. Another study reported that certain
types of bone fracture rates increase in obese individuals [7].

BMD and BMC are two related bone measures. Generally,
dual-energy X-ray absorptiometry scanning is used to
determine BMD. BMC was calculated from BMD and bone
area. Body composition monitors using bioelectrical
impedance analysis technology also report body mineral
content and BMC. In a very recent sophisticated study
published in 2019 [8], researchers have discussed these
opposing views and suggested that bone health might gain
little from obesity, if there is any, through its added weight.

Since there are discrepancies on the topic discussing the
effects of obesity on bone health, further studies are needed to
bring the matter into the light. Therefore, in this study, mass
and percentage values of body mineral, bone mineral, fat,
protein, fat-free portion and skeletal muscle contents were
investigated and their associations with some obesity-related
parameters were introduced.
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II. PATIENTS AND METHODS

A. Patients

The study population comprised 103 healthy adult men.
Anthropometric measurements were performed. BMI values
were calculated. The study was approved by Namik Kemal
University, Faculty of Medicine, non-interventional ethical
committee. Written informed consent forms were filled by the
individuals participated in the study.

B. Obesity Classification

Based upon their BMI values [9], five groups were created,
being individuals with N-BMI (Group 1: 18.5-24.9 kg/m®),
OW (Group 2: 25.0-29.9 kg/m®), FLO (Group 3: 30-34.9
kg/m?), SLO (Group 4: 35-39.9 kg/m?®) and TLO (Group 5: 40
kg/m’ <).

C.Technical Information

Obesity degree, body fat mass, body fat percentage, fat-free
mass, fat-free percentage, skeletal muscle mass, skeletal
muscle percentage, protein content, protein percentage, body
mineral content, body mineral percentage, BMC, bone mineral
percentage, and visceral adiposity values were registered with
body composition monitor (Body Composition Analyzer,
Tanita Corp., Tokyo, Japan).

D. Evaluation of the Study Data

Data were evaluated using the statistical package SPSS for
Windows, Version 16.0. Mean + standard deviation (SD)
values were calculated. Analysis of variance and post hoc
Tukey tests were used. Pearson’s and Spearman’s rho
correlation analyses were performed based upon the type of
the data distribution. Scatterplot analyses were performed.
Graphics were plotted with a linear regression line. A p level
of < 0.05 was accepted as the degree of statistically significant
difference.

III. RESULTS

The ages varied between 19 to 79 years. Mean + SD values
for the age of study population were calculated as 47.1£16.9
years. This value was obtained as 49.7 £ 17.7, 47.3 = 17.2,
42.0+14.9,43.4 £ 18.5, and 48.0 + 10.9 for groups 1, 2, 3, 4,
and 5, respectively.

Obesity-related parameters tabulated according to different
obesity classes were shown in Table 1.

TABLEI
OBESITY-RELATED PARAMETERS BASED ON OBESITY CLASSIFICATION
MEAN =+ SD
Parameter
Group 1 Group2  Group3  Group4  Group 5
BMI 22.6+1.7  27.141.4 32.0+1.2 37.241.8 47.1+6.1

Obesity degree  -3.7£16.6 13.7£13.6 38.5t18.6 56.4+16.0 95.2+31.7

Visceral adiposity ~ 7.1£3.6 9.7£3.7 127434 16.4+4.7 19.5+11.1
Fat % 17.54€10.0 21.9+4.1 279429 31.0+3.6 38.1+4.5
Fat-free % 84.1+5.6  78.1+4.1  72.1£2.9 69.0£3.6  61.9+4.5
Protein % 17213 157+1.0 14.4+0.6 13.840.5 12.3+0.9
Skeletal muscle % 47.6+3.2 442424 40.8£1.7 39.2+2.0 35.1£2.5
Body mineral % 5.3+0.6 5240.6  4.9+0.6  4.7+0.6  4.4+0.5
Bone mineral %  3.8+0.4 3.5+0.3 3.340.2 3.240.2 3.0£0.2

Similar increasing profiles were observed for BMI, obesity
degree, body fat percentages whereas decreasing patterns were
detected for the percentages of fat-free, protein, skeletal
muscle, body mineral, and BMC.

BMR values were 1637 + 183 kcal, 1864 + 213 kcal, 2097
+ 295 keal, 2359 + 305 kcal, 2725 + 351 kcal in Groups 1, 2,
3,4 and 5, respectively.

Fig. 1 shows the correlations between visceral adiposity and
(a) BMI (r = 0.621) as well as (b) obesity degree (r=0.311).
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Fig. 1 Correlations between visceral adiposity and (a) BMI as well as
(b) obesity degree

A stronger correlation was detected for the association
between visceral adiposity and BML.

Fig. 2 shows another aspect of visceral adiposity. In Fig. 2
(a), its correlation with BMC, in Fig. 2 (b) its correlation with
bone mineral percent were displayed.

As far as the associations between visceral adiposity and
BMC as well as bone mineral percentage were considered,
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correlations were calculated as (r=0.210) and (-0.607),
respectively.
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Fig. 2 Correlations between visceral adiposity and (a) BMC as well
as (b) bone mineral percentage

In Fig. 3, correlations of BMR with body mineral
percentage as well as bone mineral percentage were exhibited.

No statistically significant correlation could be obtained
between BMR and body mineral percent in Fig. 3 (a) whereas
a strong negative correlation was observed between BMR and
bone mineral percent in Fig. 3 (b).

IV. DISCUSSION

Studies on bone health are being carried out based upon
gender difference [10]-[16]. Differences between pre- and
post-menopausal women must also be considered [8]. Higher
BMD and BMC were reported in OW and obese children [1],
[2]. There are also some conflicting data on BMD as well as
BMC [8], [17]-[20]. In a recent study performed on obesity
and bone health, BMD showed positive associations with BMI

whereas area-adjusted BMC, which was suggested to assess
the volumetric density better than BMD, did not show such an
association even for weight-bearing bones [8]. In our study,
body and BMC as well as percentage values of these
parameters were introduced. However, although significant
differences between NW-OW and OW-FLO were observed
for the percentages of protein, fat-free portion and skeletal
muscle, such a profile could not be observed for body as well
as bone mineral percentages.
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Fig. 3 Correlations between BMR and (a) body mineral percentage as
well as (b) bone mineral percentage

Visceral adiposity and the relationships between this
parameter and BMI/obesity degree as well as body/bone
mineral content have also been examined. Both BMI and
obesity degree were correlated with visceral adiposity.
However, BMI had the superiority over obesity degree.

A rather weak positive correlation existed between visceral
adiposity and BMC. However, a very strong negative
correlation was observed between visceral adiposity and bone
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mineral percentages. Bone mineral percentage had the
superior correlation against the BMC. From the data, bone
mineral percentage is a better indicator of obesity, decreasing
with the increasing obesity.

As far as BMR values were concerned, there was no
statistically significant correlation between body mineral
percent and BMR. On the other hand, a strong negative
correlation was found between bone mineral percentage and
BMR. In a similar manner, bone mineral percentage exhibited
a decreasing profile with the increasing BMR profile, which is
the case in the increasing obesity state.

Both elevated visceral adiposity and BMR are the indicators
of late obesity. In this study, it was concluded that bone
mineral percentage value, a parameter, which is easy to obtain,
may be suggested as a predictor of determining obesity
development.

REFERENCES

[11 J. van Leeuwen, B. W. Koes, W. D. Paulis, and M. van Middelkoop,
“Differences in bone mineral density between normal-weight children
and children with overweight and obesity: a systematic review and meta-
analysis,” Obes. Rev., vol. 18, pp. 526-546, May 2017.

[2] E. Chaplais, G. Naughton, D. Greene, F. Dutheil, B. Pereira, D. Thivel,
and D. Courteix, “Effects of interventions with a physical activity
component on bone health in obese children and adolescents: a
systematic review and meta-analysis,” J. Bone Miner. Metab., vol.36,
pp.12-30, Jan. 2018.

[3] S.L.Edelstein, and E. Barrett-Connor, “Relation between body size and
bone mineral density in elderly men and women,” Am. J. Epidemiol.,
vol. 138, pp. 160-169, Aug. 1993.

[4] D.T. Felson, Y. Zhang, M. T. Hannan, and J. J. Anderson, “Effects of
weight and body mass index on bone mineral density in men and
women: the Framingham study,” J. Bone Miner. Res., vol. 8, pp. 567-
573, May 1993.

[5]1 J. J. Cao, “Effects of obesity on bone metabolism,” J. Orthop. Surg.
Res., vol.6, pp.30, Jun. 2011.

[6] S. A. Shapses, L. C. Pop, and Y. Wang, “Obesity is a concern for bone
health with aging,” Nutr. Res., vol.39, pp. 1-13, Mar. 2017.

[71 S. Gonnelli, C. Caffarelli, and R. Nuti, “Obesity and fracture risk,” Clin.
Cases Miner. Bone Metab., vol.11, pp. 9-14, Jan. 2014.

[8] S.J.Lee,J. Y. Lee, and J. Sung, “Obesity and bone health revisited: A
Mendelian randomization study for Koreans,” J. Bone Miner. Res.,vol.
28, pp.e3678, Feb. 2019.

[91 WHO. The world health report 1998 —Life in the 21st century: A vision
for all. {https://www.who.int/1998/en}.

[10] E. Denova-Gutiérrez, P. Clark, R. F. Capozza, L. M. Nocciolino, J. L.
Ferretti, R. Velazquez-Cruz, B. Rivera, G. R. Cointry, and J. Salmerdn,
“Differences in the relation between bone mineral content and lean body
mass according to gender and reproductive status by age ranges,” J.
Bone Miner. Metab., 2018 Dec 4. (Epub ahead of print)

[11] R. Cherif, F. Mahjoub, H. Sahli, E. Cheour, M. Sakly, and N. Attia,
“Clinical and body composition predictors of bone turnover and mineral
content in obese postmenopausal women,” Clin. Rheumatol., vol.38,
pp.739-747, Mar 2019.

[12] A. Keska, G. Lutostawska, J. Bertrandt, and M. Sobczak,”Relationships
between bone mineral density and new indices of body composition in
young, sedentary men and women,” Ann. Agric. Environ. Med., vol.25,
pp.23-25, Mar. 2018.

[13] E. Sienkiewicz, F. Magkos, K. N. Aronis, M. Brinkoetter, J. P.
Chamberland, and S. Chou, K. M. Arampatzi, C. Gao, A. Koniaris,and
C. S. Mantzoros, “Long-term metreleptin treatment increases bone
mineral density and content at the lumbar spine of lean hypoleptinemic
women,” Metabolism, vol. 60, pp.1211-1221,Sept. 2011.

[14] T. Sutter, H. Toumi, A. Valery, R. El Hage, A. Pinti, and E.
Lespessailles, “Relationships between muscle mass, strength and
regional bone mineral density in young men,” PLoS One, vol. 14, pp.
€0213681, Mar. 2019.

[15] A. Khawaja, P. Sabbagh, J. Prioux, G. Zunquin, G. Baquet, G. Maalouf,
and R. El Hage, “Does muscular power predict bone mineral density in

[16]

[17]

(18]

[19]

[20]

young adults?,” J. Clin. Densitom., vol.30283,pp.S1094-6950 Jan. 2019.
I. Rodriguez-Gomez, A. Manas, J. Losa-Reyna, L. Rodriguez-Manas, S.
F. M. Chastin, L. M. Alegre, F. J. Garcia-Garcia, and 1. Ara, “ The
impact of movement behaviors on bone health in elderly with adequate
nutritional status: Compositional data analysis depending on the frailty
status,” Nutrients, vol.11, pp. E582, Mar. 2019.

F. J. Amaro-Gahete, O. A. de la, L. Jurado-Fasoli, J. R. Ruiz, M. J.
Castillo, and A. Gutiérrez, “Effects of different exercise training
programs on body composition: a randomized control trial,” Scand. J.
Med. Sci. Sports, 2019 Mar 5. (Epub ahead of print).

S. M. Bristow, G. D. Gamble, A. M. Horne, and I. R. Reid,
“Longitudinal changes in bone mineral density, bone mineral content
and bone area at the lumbar spine and hip in postmenopausal women,
and the influence of abdominal aortic calcification,” Bone Rep.,
vol.10,pp.100190, Dec. 2018.

J. M. Kindler, A. J. Lobene, K. A. Vogel, B. R. Martin, L. D. McCabe,
M. Peacock, S. J. Warden, G. P. McCabe, and C. M. Weaver, ”
Adiposity, insulin resistance, and bone mass in children and
adolescents,” J. Clin. Endocrinol. Metab., vol.104, pp. 892-899, Mar.
2019.

J. Jiang, P. Qiu, Y. Wang, C. Zhao, S. Fan, and X. Lin, “Association
between serum high-density lipoprotein cholesterol and bone health in
the general population: a large and multicenter study,” Arch.
Osteoporos., vol.14, pp.36, Mar. 2019.

366



