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Abstract

Introduction: There are few studies integrating the common causes of osteoporosis and obesity (disorders of body composition). 
A first step is to investigate correlations between their biological phenotypes to determine their common integrative physiology. 
Objective: To correlate the variation of bone mineral density with phenotypes of body composition and biomarkers of bone 
physiology, insulin-glucose axis, and adipose tissue. Methods: Cross-sectional study of 75 women (aged 18-45 years). 
Measurements: Body mass index, waist, fat mass, lean mass (dual-energy X-ray absorptiometry), glucose, insulin, osteocalcin, 
leptin, tumor necrosis factor alpha. Statistical analysis: multivariate general linear model, SPSS v.22, p < 0.05. Results: Age: 
32.08 ± 7.33. Bone mineral content multivariate general linear model 1 with two phenotypes excluded (glucose, insulin): 
osteocalcin (b = –0.228, p = 0.011), lean mass (b = 0.606, p = 0.001) and fat mass (b = 1.237, p = 0.001) in 62.0%. The bone 
mineral density multivariate general linear model 2 with three phenotypes excluded (body mass index, glucose, tumor 
necrosis factor alpha): insulin (b = 0.250, p = 0.024), osteocalcin (b = –0.362, p = 0.001), lean mass (b = 0.512, p = 0.001) 
and fat mass (b = 0.701, p = 0.001) in 46.3%. Conclusions: Results show that body composition with an increased lean 
mass is beneficial to bone. This study reaffirms the importance of performing regular exercise to prevent muscle loss. 
(Gac Med Mex. 2015;151:678-86)
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Introduction

Demographic transition  
and body composition disorders

Due to the demographic transition experienced by 
the country with a trend towards population aging, with 
a resulting increase in specific, complex, common and 

highly prevalent chronic-degenerative diseases (oste-
oporosis, obesity and diabetes), future epidemiological 
impact of these conditions is expected to be consid-
erably elevated, both in terms of costs and negative 
consequences on quality of life, disability and prema-
ture death1. Today, these 3 pathologies are referred to 
and grouped together as body composition disorders, 
since their pathophysiology entails alterations of the 
insulin-glucose axis, adipose tissue metabolism and 
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bone mineral turnover2,3. Therefore, it is both necessary 
and significant to develop research projects to further 
study their common links.

Body composition disorders were conceived in the 
past as mutually excluding and independent from each 
other. Currently, these conditions are known to share 
some distinctive common traits, since all of them have 
a genetic basis that interacts with environmental influ-
ences and, once occurred, they are associated with 
significant morbidity and mortality. These conditions are 
considered serious public health problems and, from 
the molecular point of view, can be identified as second-
ary to dysregulation of a common precursor cell4. These 
chronic conditions have many similarities in their patho-
genesis and the most important include a genetic pre-
disposition to develop them. The least integrated in the 
concept that comprises body composition disorders is 
osteoporosis, as the links associating diabetes and 
obesity have been extensively studied5,6.

Osteoporosis, preceded by bone mineral density 
(BMD) decrease has become recently a focus of re-
search in Mexico, since estimates are that 1 in every 
12 women and 1 in every 4 men older than 50 years 
will suffer a hip fracture in the remaining years of her/
his life7. The costs for the treatment of hip fractures in 
Mexico in 2006 were higher than USD 97 million, which 
represents an important burden for the health system8. 
BMD is a clinical predictor for osteoporosis and this 
condition constitutes a critical factor in the risk for 
fratures in adulthood9.

Interactions between bone,  
adipose tissue and pancreas

Knowledge on the mechanisms that control body fat 
mass deposits and bone mineral turnover molecular 
pathways has substantially advanced. Shared regula-
tion and common cell communication pathways be-
tween the hypothalamus, adipose tissue and bone 
marrow have been reported to exist, a situation that 
leads to speculate about a biological interaction be-
tween bone and adipose tissue10. These mechanisms 
appear to modulate osteocyte and adipose cell metab-
olism, through inter-regulated molecular pathways in-
volving the sympathetic nervous system activity, the 
system that regulates hunger and satiety, the insu-
lin-glucose axis, energy balance and skeletal system 
remodeling11. 

Glucose metabolism and insulin physiological effects 
are importantly affected when there is metabolic alter-
ation in the communication between bone and adipose 

tissue12,13. From the clinical point of view, most patients 
with diabetes exhibit obesity and sedentarism. This 
type of patients usually has an enlarged body size and 
has been observed to experience fractures more fre-
quently14. However, the most important factor on the 
influence of an altered insulin-glucose axis is the effect 
of vascular microcirculation, which is common in type 
2 diabetes15. Women with type 2 diabetes have been 
found to experience a higher proportion of fractures, 
especially in the hip, than women without diabetes, 
as demonstrated in a prospective study named The 
Study of Osteoporotic Fracture14. In addition, bone 
loss has been documented to be much higher in pa-
tients with poor control of their glucose levels than in 
those with diabetes and good metabolic control14,15. 

Recent literature has reported that the effects of the 
gene-environment interaction on molecular biomarkers, 
as those involved in bone mineral turnover would be, 
interfere in the biology of bone tissue by modulating 
calcium replacement and bone integrity maintenance, 
ultimately regulating bone mass closely linked to the 
use of energy through the adipose tissue, food intake 
and insulin physiological actions16,17. Additionally, it is 
important to further know the biological response to 
environmental stimuli18. An example is deficient nutri-
ent intake, which is helpful to understand how an ob-
servable behavior triggers a pathological process, 
such as bone demineralization.

The purpose of this study is to determine the normal 
quantitative variation with regard to BMD in healthy 
adult women, associating it with phenotypes deter-
mined by measurements of body composition and cir-
culating biomarkers corresponding to bone physiology 
(bone mineral turnover determined by osteocalcin), 
and to insulin-glucose axis and adipose tissue activity, 
in order to establish deleterious health consequences, 
such as osteoporosis, diabetes and obesity, in the 
context of body composition disorders. 

Material and methods

Design

This is a descriptive, cross-sectional, correlational 
study. The methodologic design comprised the selec-
tion of female voluntary participants, data collection 
procedures, inclusion and exclusion criteria, statistical 
analyses plan and ethical considerations, including the 
informed consent. Analyses of biochemical pheno-
types were performed, including specific metabolic 
biomarkers that indicate bone mineral turnover (fasting 
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circulating osteocalcin measurements), actions by the 
adipose tissue (fasting leptin and TNF-a) and insulin-glu-
cose axis metabolism (fasting glucose and insulin). An-
thropometric phenotypes and body composition mea-
surements (waist circumference, body mass index 
[BMI], % of fat, lean mass and total fat) were also 
carried out, as well as BMD measurements by dual-en-
ergy X-ray absorptiometry (DEXA). 

Population, sampling and sample

The population of interest was comprised by women 
between 18 and 45 years of age. Sampling was con-
sidered non-probabilistic, since it was carefully select-
ed to include healthy women by direct invitation and 
through social networks. The sample size (n = 75) has 
been calculated with the nQuery Advisor program, with 
a calculation power of 80% at a 0.05 level of signifi-
cance19,20. The recruitment took place at the Universi-
dad Autónoma de Nuevo León (UANL). Healthy wom-
en with regular menses participated in the study. The 
participants were referred to the Center of Research in 
Nutrition and Public Health, UANL, for measurements 
relevant to the investigation. Close before their appoint-
ment for measurements, it was made sure that the 
patients had no signs or symptoms of acute conditions 
and/or were not consuming any medication by ques-
tioning prior to any protocol procedure. All participants 
in this study previously signed an informed consent 
form. Participants with chronic conditions (polycystic 
ovary syndrome, arterial hypertension, thyroid dis-
ease), pregnant women, breastfeeding women, women 
who had given birth to a child in less than one year, 
women who had undergone hysterectomy, women on 
hormone replacement therapy, and especially women 
with an established diagnosis of osteopenia or bone 
disease were excluded. The procedure to determine 
whether any participant had any of the above-men-
tioned diagnoses was based on the history taken at the 
moment they were invited to participate, and also 
through the clinical skills of the healthcare profession-
al in charge of this process. 

Measurements

Measurements were made for height, weight, waist 
circumference, body composition and BMD by DEXA.

–	 Height. This measurement was performed follow-
ing standardized procedures with the partici-
pant standing up straight, back against the wall; 
the head, scapulae and buttocks in touch with 

the stadiometer, without shoes and heels together. 
A stadiometer of the Brand SECA, model 274, with 
minimum measurement capacity of 60 to 220 cm 
and 0.1 cm accuracy was used.

–	 Weight. The measurement was carried out through 
standard procedure checking for the scale to be on 
zero. The equipment used was an electronic scale of 
the brand SECA, model 874. The employed cutoff 
points for weight-height ratio (BMI) were 18.50-
24.99 kg/m2, which is considered normal range; 
25-29.9 kg/m2, which corresponds to overweight; 
30-34.9 kg/m2, to grade 1 obesity; 35-39.9 kg/m2, 
to grade 2 obesity, and for extreme or morbid obe-
sity, a BMI higher than or equal to 40 kg/m2 21. 

–	 Waist circumference. For perimeter measure-
ments, standardized methods were used, taking 
the narrowest level between the lowest rib edge 
and the iliac crest, with a flexible steel tape with 
1.5 m minimum length, calibrated in cm with mil-
limetric gradation of the Lufkin brand. An excess 
of visceral fat (> 88 cm waist circumference in 
women) is known as central obesity and is asso-
ciated with the development of type 2 diabetes, 
dyslipidemia and cardiovascular conditions22.

–	 Body composition and BMD by DEXA. Full-body 
bone density was measured by DEXA. Body fat, 
lean mass and total and regional BMD were mea-
sured in the anteroposterior (AP) spine (L1-L4), 
right proximal femur (total hip, femoral neck, tro-
chanter) and right forearm. The measurements 
were carried out once with the Lunar Prodigy Ad-
vance equipment (GE Lunar Radiation Corp, Mad-
ison WI). The duration of this measurement was 
approxomately 15 minutes, with the participant in 
the supine position (AP examination). The Encore 
11.4 software reported the body composition es-
timates: lean mass (kg), fat mass (kg), fat percent-
age, BMD (g/cm2) and BMI (kg/m2). The bone 
density results were expressed as standardized 
T- and Z-scores, which are clinically used to pre-
dict fracture risk. The BMD report in premeno-
pausal women uses preferably the Z-score. A 
Z-score of -2.0 or lower is defined as “below ex-
pectations for age range” and a Z-score higher 
than -2.0 is “within expectations for age range”23. 

Biochemical measurements 

The analysis of metabolic biomarkers was carried out 
in the clinical analyses laboratory certified by the 
Health Council of the University Hospital. 
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–	 Glucose and insulin. Circulating glucose and insulin 
determinations are a direct reflection of liver and mus-
cle carbohydrate metabolism molecular and meta-
bolic control. Glucose was determined using the 
glucose oxidase method with spectrophotometry, 
and insulin was determined using the immunoas-
say technique in the Luminex-100 System. A level 
from 70 to under 100 mg is regarded as normal; 
from 100 to 125 mg/dl means there is a fasting 
glucose alteration, known as pre-diabetes. This 
increses the risk for type 2 diabetes. A level of 
126 mg/dl or higher is diagnostic of diabetes24. 
The cutoff point used for insulin is 15 µU/ml25. 

–	 TNF-a and leptin. The immunoassay technique 
was used with the Luminex-100 system through a 
multiplexed XY platform (Luminex®) with calibration 
microspheres for the report of readings with the 
magnetic bands MilliPlex™ software to obtain the 
TNF-a and leptin plasma concentrations. Leptin 
represents the main biological and metabolic as-
pect of adipocyte dysfunction or adequate func-
tion. Elevated TNF-a is indicative of the presence 
of deletereius chronic subclinical inflammation26. 

–	 Osteocalcin. The ELISA technique was used with 
available specific commercial reagents. Osteocal-
cin is a biochemical marker representative of the 
osteoblast-osteoclast function and bone mineral 
turnover balance27.

Data analysis

The associations of body composition phenotypes 
and metabolic parameters with BMD and bone miner-
al content (BMC) were analyzed with Pearson’s cor-
relation coefficient in order to identify bivariate relation-
ships. Multivariate linear regression analysis was used 
to measure the strength of the relationship between 
body composition and metabolic parameters with BMD 
and BMC. For the analysis of results, descriptive sta-
tistics (means, standard deviations [SD], frequencies 
and percentages) were used through the SPSS V.22 
software. This protocol was submitted fo review for 
approval by the Ethics and Biosafety Commission, as 
well as by the Research Commission of the Nursing 
Faculty of the UANL. 

Results

The sample was structured with 75 female partici-
pants with an average of 32.08 years of age (SD = 7.93; 
19-45 years), 69.3% were born in the State of Nuevo 

León, 84% had college education, 64% worked as 
employees, out of which 62.7% received a salary and, 
in 52%, marital status was married. Average age at 
menarch was 12.15 years (SD = 1.42; 9-15 years). 
Additionally, 12% were smokers, 64% referred drinking 
alcohol socially with an average consumption of 1.55 
(SD = 1.58) alcoholic beverages per occasion. An 
average of 1.23 pregnancies (SD = 1.35) and 1.15 chil-
dren born at term (SD = 1.21) were reported by 53%. 
4% referred having suffered from gestational diabetes. 
Oral contraceptives were used by 10.7%, out of which 
5.3% had used them for more than 1 year. Dietary 
supplements were consumed by 36% (9.3% multivita-
mins, 6% omega 3, 2.7% calcium, vitamin D and C, 
2.6% folic acid). Previous fractures had been suffered 
by 12% at an average age of 21.44 years (SD = 12.85) 
(wrist, fingers, ankle, arm, skull and ribs).

General descriptive characteristics about genotypes 
that influence on BMD are reported in table 1, including 
body composition and circulating biomarkers associ-
ated with bone and metabolic physiology of the study 
population. Included phenotypes were divided to com-
pare female participants in 2 groups according to be-
ing < 30 (n = 32) or ≥ 30 years of age (n = 43), since 
the literature has described this age to be when bone 
mass maximum peak is reached28. Weight, waist cir-
cumference, body fat percentage and quantity in kg and 
leptin levels were significantly higher in the > 30-year 
age group. The difference in osteocalcin levels was 
significant between both groups, with decreased mea-
surements in the group of women older than 30 years. 
No significant differences were detected between BMC 
(g) and total and regional BMD (g/cm2).

General descriptive characteristics of phenotypes 
that influence on BMD are reported on table 2, includ-
ing body composition and circulating biomarkers as-
sociated with bone and metabolic physiology of the 
study population. These phenotypes were divided ac-
cording to the percentage of body fat (BF%), with a 
cutoff point selected according to the BF% mean in our 
study population, to reports of investigations that clas-
sify its excess with the presence of deleterious effects 
for health29,30, and to a good number of studies that 
suggest that excessive body fat produces unfavorable 
effects on BMD31,32. Insulin and leptin levels were sig-
nificantly more elevated in the group with higher BF%, 
as was BMI, waist circumference, fat mass in kg and 
BMC (g). The difference between osteocalcin levels 
was significant between both groups, with decreased 
measurements in the group of women with larger 
amounts of body fat. 
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For the analyses of relationships between the study 
phenotypes, their normality was determined with the 
Kolmogorov-Smirnov statistical test with the Lilliefors 
correction33, and only 7 phenotypes were found to be 
normally distributed: BF%, lean mass, BMC, total BMD, 
spine BMD, femur BMD and osteocalcin.

Tables 3 and 4 list the continuous phenotypes in 
order to identify bivariate relationships with BMD. A 
significant direct correlation was observed with body 
composition phenotypes: BMI, waist, fat mass (kg) and 
lean mass, as well as a significant indirect correlation 
with osteocalcin.

An adjusted multivariate general linear model 
(MGLM) was used, where independent variables were: 
BMI, waist, lean mass, fat mass, glucose, insulin, os-
teocalcin, leptin and TNF-a, and dependent variables 
were BMC and BMD. Table 5 shows that the BMC-de-
pendent variable model was significant and is ex-
plained with the osteocalcin, leptin, BMI, waist, lean 

Table 1. Descriptive characteristics of the study population with regard to age

Phenotypes < 30-year group (n = 43) SD > 30-year group (n = 43) SD t p-value

Age (years) 23.81 2.51 38.23 3.94 –18.18 .001*

Glucose (mg/dl) 87.78 10.45 91.93 15.56 –1.30 .196

Insulin (µU/ml) 8.33 4.32 9.14 6.87 –0.58 .561

Osteoclacin (ng/ml) 14.01 4.31 10.90 4.06 3.18 .002*

Leptin (pg/ml) 15,589.31 11265.07 25,434.01 16326.80 –2.92 .005*

TNF-a (pg/ml) 7.22 4.17 12.89 23.16 –1.36 .177

Weight (kg) 62.54 12.15 69.74 13.08 –2.43 .017*

Height (cm) 160.62 6.52 160.00 5.97 0.44 .657

BMI (kg/m2) 24.24 4.63 27.17 4.40 –2.79 .007*

Waist C. (cm) 73.56 9.21 82.28 10.66 –3.69 .001*

Lean Mass (kg) 36.19 4.70 37.18 5.61 –0.80 .424

Fat Mass (kg) 23.08 10.27 29.07 9.68 –2.57 .012*

Fat % 37.09 10.34 43.03 7.45 –2.83 .006*

BMC (g) 2.431 0.332 2.460 0.346 –0.35 .724

Total BMD (g/cm2) 1.142 0.058 1.148 0.071 –0.44 .657

Spine BMD (g/cm2) 1.193 0.107 1.205 0.135 –0.41 .680

Femur BMD (g/cm2) 1.006 0.107 0.996 0.110 0.39 .695

Forearm BMD (g/cm2) 0.843 0.107 0.848 0.055 –0.43 .667

t: test; BMC: bone mass content; BMD: bone mass density.
*p < .05.

mass and fat mass phenotypes in 60.7%. Based on the 
largest-sized p-value, the independent phenotypes 
glucose and insulin were successively removed using 
the backward technique and, this way, the multivariate 
model is explained with the osteocalcin, leptin, waist, 
lean mass and fat mass phenotypes in 62.0%. Table 6 
shows that the total BMD dependent variable model 
was equally significant, and it is explained with the 
insulin, osteocalcin, leptin, waist, lean mass and fat 
mass phenotypes in 42.7%. Subsequently, the inde-
pendent phenotypes BMI, glucose and TNF-a were 
successively removed, always using the backward 
technique, and this way this model is explained with 
the insulin, osteocalcin, leptin, waist, lean mass and fat 
mass phenotypes in 46.3%. The negative relationships 
that were expressed as standardized b-coefficients 
were osteocalcin, leptin, BMI and waist circumference, 
with BMC, as well as total BMD, as dependent pheno-
types. 
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Table 3. Correlations of total BMD and body composition phenotypes

Phenotypes Total BMD BMI Waist Fat% Fat kg Lean mass

Total BMD 1

BMI .395† 1

Waist .322† .888† 1

Fat% .147 .786† .711† 1

Fat kg .367† .944† .873† .888† 1

Lean mass .477† .349† .401† -.172 .247* 1

*p < .05

Table 2. Descriptive characteristics of the study population with regard to body fat percentage

Phenotypes < 40% Fat Group (n = 35) SD > 40% Fat Group (n = 40) SD t p

Age (years) 30.34 8.35 33.60 7.36 –1.80 .076

Glucose (mg/dl) 87.14 10.48 92.80 15.64 –1.81 .074

Insulin (µU/ml) 6.83 4.18 10.51 6.66 –2.81 .006*

Osteoclacin (ng/ml) 14.02 3.96 10.66 4.25 3.52 .001*

Leptin (pg/ml) 11,505.57 7739.95 29,745.53 14901.87 –6.51 .001*

TNF-a (pg/ml) 7.81 5.26 12.80 23.89 –1.20 .231

Weight (kg) 58.60 7.86 73.73 12.81 –6.10 .001*

Height (cm) 160.85 5.81 159.75 6.52 0.80 .426

BMI (kg/cm2) 22.58 2.16 28.84 4.44 –7.70 .001*

Waist C. (cm) 71.86 7.09 84.43 10.32 –6.04 .001*

Lean Mass (kg) 37.33 5.40 36.26 5.10 0.87 .385

Fat Mass (kg) 18.29 4.49 33.71 8.38 –9.70 .001*

Fat % 32.29 5.80 47.67 4.77 –12.34 .001*

BMC (g) 2.361 0.321 2.523 0.339 –2.10 0.39

Total BMD (g/cm2) 1.134 0.069 1.156 0.061 –1.41 .163

Spine BMD (g/cm2) 1.183 0.142 1.215 0.104 –1.09 .276

Femur BMD (g/cm2) 0.984 0.116 1.015 0.100 –1.25 .213

Forearm BMD (g/cm2) 0.844 0.100 0.848 0.051 –0.34 .732

t: test; BMC: bone mass content; BMD: bone mass density.
*p < .05.

Discussion

The purpose of this study is to explain the BMD 
quantitative normal variation, in order to determine the 
influence of body composition and metabolic biomark-
ers in healthy adult women. This research was focused 

on studying 3 metabolic axes (insulin-glucose axis, 
adipose tissue, bone mineral turnover), trying to iden-
tify patterns that allow for common pathways in the 
etiopathogenesis of obesity, diabetes and osteoporo-
sis to be established. The importance of preserving 
bone integrity in order to regulate bone mass through 
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Table 4. Correlations of total BMD and metabolic biomarker phenotypes

Variable Total BMD Glucose Insulin Leptin TNF-a Osteocalcin

Glucose .022 1

Insulin .175 .427† 1

Leptin .033 .287* .569† 1

TNF-a .085 .011 -.026 .029 1

Osteocalcin –.389† –.004 -.239* –.286* –.072 1

*p < .05.
†p < .01.

Table 5. Predictive model of BMC as dependent phenotype with body composition and metabolic biomarkers

Model 1 Model 2 Model 3

Phenotypes b p b p b p

Glucose –.036 .666 X X

Insulin .166 .111 .149 .108 X

Osteocalcin –.215 .021 –.221 .013 –.228 .011*

Leptin –.308 .012 –.319 .006 –.238 .023*

TNF-a .120 .124 .132 .077 .133 .078

BMI –.552 .045 –.523 .044 –.450 .080

Waist –.507 .012 –.519 .006 –.462 .013*

Lean mass .609 .001 .615 .001 .606 .001*

Fat mass 1.395 .001 1.357 .001 1.237 .001*

*p < .05.
Note. Phenotypes removed: glucose, insulin.
GLM1: (F = 9.78; p = .001), adjusted r2 = .607. GLM2: (F = 16.675; p = 001), adjusted r2 = .629. GLM3: (F = 18.230; p = .001) adjusted r2 = .620.

Table 6. Predictive model of total BMD as dependent phenotype with body composition and metabolic biomarkers

Model 1 Model 2 Model 3 Model 4

Phenotypes b p b p b p b p

Glucose –.086 .396 –.085 .384 X X

Insulin .288 .023 .289 .015 .251 .022 .250 .024*

Osteocalcin –.342 .003 –.348 .001 –.356 .001 –.362 .001*

Leptin –.299 .041 –.304 .029 –.313 .025 –.313 .025*

TNF-a .085 .364 .090 .301 .087 .318 X

BMI –.059 .085 X X X

Waist –.593 .015 –.582 .009 –.572 .010 –.584 .008*

Lean mass .553 .001 .524 .001 .517 .001 .512 .001*

Fat mass .748 .023 .692 .001 .686 .001 .701 .001*

*p < .05.
Note. Phenotypes removed: BMI, glucose, TNF-a.
GLM1: (F = 5.247; p = .001), adjusted r2 = .427. GLM2: (F = 8.029; p = .001), adjusted r2 = .461. GLM3: (F = 8.968; p = .001) adjusted r2 = .463. GLM4: (F = 10.102;  
p = .001) adjusted r2 = .463.
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bone mineral turnover was able to be documented. 
This class of bone biological regulations share common 
pathways with adipose tissue and insulin-glucose axis 
energy homeostasis (involving muscles and pancreas), 
and thus, the measurement of their biological effectors, 
known as metabolic biomarkers, is a reflection of their 
integrative biology34. These metabolic biomarkers rep-
resent the genetical secondary response to environ-
mental influence, and their measurement appears to 
be an adequate strategy to determine the way risk-be-
haviors resulting from a given lifestyle influence on the 
susceptibility for the development of these metabolic 
disorders, which result in pathological consequences 
for health when they occur.

The descriptive results indicate that this women’s 
age group is within normal variation of clinical risk 
parameters for the development of diabetes, deter-
mined by glucose, insulin, anthropometric measure-
ments and body composition, as well as BMD and BMC. 
According to the methodological design, the objectives 
were met, since the intention was to have a group of 
healthy women available. This is the main premise 
of the research model: trying to find in an age group 
with an adequate health profile with predisposition, 
within that normal variation range, to present patterns 
of susceptibility for the development of the contemplat-
ed pathologies.

With regard to the body composition phenotypes, 
46.6% of the women had a BMI consistent with over-
weight and obesity, and according to the WHO stan-
dard classification by age, 37.4% had moderate-high 
risk for developing diabetes owing to their waist cir-
cumference, and 81.3% had BF% higher than 32%, 
which is considered diagnostic of obesity. Metabolic 
parameters indicate that 18.7% had glucose levels 
higher than 100 mg/dl, which is currently considered 
as pre-diabetes, 10.7% had insulin levels higher than 
15 µU/ml, with these percentages falling within the risk 
prevalences foreseen in our population. Osteocalcin 
levels were below the normal range in 5.3% of the 
women. 

The bivariate correlations between total BMD and all 
5 body composition phenotypes (BMI, waist, BF%, fat 
in kg and lean mass) reveal that, in these women, the 
highest correlation was found between BMD and lean 
mass (r = 0.47), followed by BMI (r = 0.39), with the 
lowest correlation being with BF% (r = 0.14), which was 
statistically non-significant. This is consistent with oth-
er reports in the literature35. Most part of weight gain 
towards adulthood is well known to be at fat expense. 
Ohumura et al.36 demonstrated that fat mass increases 

gradually from 40 to 59 years of age, whereas lean 
mass remains relatively constant throughout life. There-
fore, when people’s weight increases, there is a strong 
possibility for fat mass to be the important factor in 
such weight increase. In the results of that study, as 
in ours, BF% was not significantly correlated with BMD. 
Takada et al.37 reported that if there is weight gain, this 
is ineffective in influencing on BMD, unless this gain 
includes lean mass increase38. In this context, increas-
ing or maintaining lean mass appers to be the most 
important factor to acquire and maintain BMD within 
normal limits. Our data revealed an important correla-
tion between lean mass and BMD. The bivariate cor-
relations between total BMD and all 5 phenotypes as-
sociated with metabolic biomarkers (glucose, insulin, 
leptin, TNF-a, osteocalcin) report correlations with no 
statistical significance, except for osteocalcin, which 
had a significant indirect correlation (r = –0.38), indi-
cating that there is consistency with the findings on 
BMD and body composition and metabolic biomarker 
phenotypes, suggesting that the higher the weight and 
amount of fat, the higher the insulin and TNF-a, and lower 
osteocalcin.

The body of data obtained through multivariate anal-
yses with methodology used for simultanious compar-
ison of these variables enabled us to acquire further 
understanding on the studied phenomenon. Hence, 
the statistically significant results allow for normal vari-
ation of BMC and BMD in these women to be explained 
according to body mass (waist, fat mass and lean 
mass) and metabolic biomarker (insulin, leptin and os-
teocalcin) phenotypes that deeply influence on their 
biology. The relationships that determined the highest 
power with standardized multivariate regression coeffi-
cients between total BMD and body composition were 
represented by lean mass (b = .512, p = .001) and fat 
mass (b = .701), p = .011). Accordingly, between BMC 
and body composition, lean mass (b = .606, p = .001) 
and fat mass (b = 1.23, p = .001) relationships were 
significant. These finding appears to explain that wom-
en in our study population who had larger amounts of 
fat mass were exposed to its deleterious effects on bone 
mineral turnover. Moreover, it is to be assumed that lean 
mass defines the protecting effect towards BMD.

There are several reasons that make the study of the 
relationship between body composition, fat mass distri-
bution, BMD and their metabolic biomarkers important. 
Perhaps the two most important aspects are focused 
on predicting the risk of fracture and undestanding 
its clinical-observational aspects, as in the case of 
this study, through multivariate regression coefficients 
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applied to statistical analyses. Body composition, fat 
mass amount and distribution, and lean mass mea-
surements are shown to explain most part of both BMD 
and BMC variation. From the point of view of patient 
care and support with regard to prevention, knowing 
that fat excess is not beneficial to the bone is import-
ant, as suggested by this and other studies. Our results 
also demonstrate that body composition with larger 
amounts of lean mass is beneficial to the bone. Therefore, 
the translation of this investigation into clinical-practical 
aspects reaffirms the importance of recommending reg-
ular physical exercise, since this activity prevents muscle 
mass loss and increases mechanisms that strengthen 
the skeleton.
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