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INTRODUCTION 
 

Osteoporosis, described as state of low bone mineral    
density with deterioration of bone tissue and disruption 
of bone microarchitecture, which predisposes individuals 
to having fragility fractures [1]. In the United States 
alone 1.5 million were reported to have fractures from 
osteoporosis [2]. Even though there is no available exact 
number of   figures for the Philippines on osteoporosis 
yet [3], a study conducted by Miura and Saavedra among                         
post-menopausal women in Davao city showed a          
prevalence of 19.8% [4]. It is also important to note that 
osteoporosis is the most prevalent disease among        
menopausal women [5]. Through the years, dual-energy     
x-ray absorptiometry (DXA) has been an important and 
convenient tool in screening for osteoporosis, and with 
this technology whole body composition analysis         
including percent body fat became available as well. 
Aside from    using the DXA to classify patients as to     
having osteoporosis, the World Health Organization 

(WHO) has developed the Fracture Risk Assessment Tool 
(FRAX®: http://www.shef.ac.uk/FRAX/), which provides a 
model to assess the 10-year probability of a major       
osteoporotic fracture (clinical spine, forearm, hip or 
shoulder fracture) and of a hip fracture, by using easily 
obtainable clinical risk factors with or without femoral 
neck (FN) BMD [6]. Hormonal changes happen during 
menopause, and an example of which is the decline of 
estrogen level in the body. This can affect lipid              
metabolism and observations point to higher prevalence 
of weight gain and obesity among menopausal women 
[7]. However, the relationship between body fat and 
bone mineral density (BMD) remains unclear as various 
studies show conflicted results on whether fat mass has 
protective value against osteoporosis [8-18].  This study 
aims to correlate the BMD and FRAX-based fracture risk 
values of postmenopausal Filipino women to the fat 
mass.  
 

ABSTRACT 
Background: 

Post-menopausal women experiences changes in estrogen levels affecting body metabolism, which may lead to 
weight gain and obesity. Moreover, one of the most prevalent diseases among this group is osteoporosis.    
However, the relationship between fat mass and its protective property remains unclear. This study assesses the 
correlation of fat mass with bone mineral density (BM) and 10-year FRAX based fracture probability among   
Filipino women. 

Methods: 

A cross-sectional review of records of post-menopausal Filipino women who underwent whole body bone      
mineral densitometry scans via dual-energy X-ray absorptiometry (DXA) between January 1, 2015, and           
December 31, 2018 in the Radioisotope Laboratory of the Philippine General Hospital was done. Pearson        
correlation and simple linear regression analyses were done to determine the correlation between the two      
outcomes – BMD and 10-year FRAX based fracture probability.  

Results: 

A total of 258 postmenopausal women were included in the analysis. There was  a weak positive correlation of 
fat mass with  BMD of L1-L4 vertebrae (R-score of 0.318), BMD of femoral neck (R-score of 0.3937) and hips      
(R -  score of 0.3031). The 10-year FRAX based fracture probability for both hip and osteoporotic had very weak 
and weak negative correlation, respectively  (R-score of - 0.06752 and - 0.29017).  

Conclusion: 

Despite having varying available, data on the protective effects of fat mass on fracture protection, this study 
showed that fat mass has a poor correlation with BMD and reduction in FRAX probability. 
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Osteoporosis 
 

Osteoporosis is a disease that is described by low bone 
mineral density, bone tissue deterioration and disruption  

of its architecture, which leads to decrease in bone 
strength and higher risk of fracture [1]. According to 
WHO criteria, a person is classified as to having             
osteoporosis if the BMD value lies at least 2.5 standard 
deviations below the average value for young healthy 
women (T-score of <-2.5 SD) [19]. This disease has       
resulted in 1.5 million fracture per year in the US [2] and 
in Asian countries, there was notable increase in the hip 
fractures as well among the osteoporotic population 
[20]. 

 

Menopause 
 

Menopause signifies the end of the reproductive          
potential of a woman [21] and is defined as amenorrhea 
for 12 months after the last menstrual period, as a result 
of  depletion of pool of follicles and estrogen production 
[7]. Numerous symptoms appear during menopause, 
such as hot flashes, sleep and mood changes, metabolic 
problems – increase in body weight, insulin resistance 
and glucose and lipid metabolism, which increases the 
risk of type 2 diabetes, osteoporosis, cardiovascular and 
oncological    diseases [7]. 

 

Estrogen promotes fat oxidation in the skeletal muscles 
and inhibits hepatic and muscle lipogenesis [9]. The 
amount of this hormone declines in menopause, hence it 
is expected that it will result in increase in visceral fat 
mass and abdominal obesity [7].  Zhao et al in 2008,     
noted there is unclear benefit of fat mass on the BMD 
[8]. Several studies showed a positive correlation of BMD 
values with fat mass [9-13] while other studies             
contrasted that  excessive fat mass may not be beneficial 
[14-18]. 

 

FRAX 
 

The guidelines have veered away from solely using BMD 
values for managing osteoporosis. Clinical risk factors are 
now also being used to determine risk of developing      
fractures and which patients would need treatment. And 
with this, FRAX, a tool developed by WHO, has been    
useful in identifying individuals who may need to start 
treatment even in the absence of BMD values [22]. A    
10-year FRAX-based hip fracture probability of at least 
3%, or a major osteoporosis-related fracture probability 

of at least 20% are considered clinically significant and 
are recommended for pharmacologic treatment [23]. 

 

A study conducted by Zhang et al in 2012 among central 
south Chinese postmenopausal women showed negative 
relationship between the FRAX values and fat mass,      
however, lean mass had a better impact on the risk of   
fractures. [24] In another study done in Canada neither 
lean mass nor fat mass affected the prediction of major 
osteoporosis and hip fractures based on FRAX scores     
analysis. [25] 

 

This study aims to determine the correlation of fat mass 
with BMD values and with the FRAX-based 10-year        
fracture among post-menopausal Filipino women         
patients in the Philippine General Hospital.  

  

MATERIALS AND METHODS 
 

Study Design and Sample Population 
 

This is a cross-sectional review of records of                     

post-menopausal Filipino women who underwent whole 

body bone mineral densitometry scans via dual-energy       

X-ray absorptiometry (DXA) between January 1, 2015, 

and December 31, 2018 in the Radioisotope Laboratory 

of the Philippine General Hospital. Only a total of 258                

post-menopausal female patients’ records were          

identified available during the given time period and 

were included in the analysis.  

 

Patients who had vertebral fixations and hip surgery with 

metal implants were excluded in the study for this will 

affect the accuracy of the BMD values measured by the 

DXA machine. Patients under the age of 40 were also     

excluded due to unavailability of computed FRAX           

probability. Moreover, those with identified conditions 

that may cause secondary bone loss and may affect bone 

density will not be included in the study. These              

conditions are as follows: hypogonadism, primary                               

hyperparathyroidism, thyrotoxicosis, hypercortisolism, 

vitamin D deficiency, malignancy, chronic renal diseases, 

prolonged steroid use and liver diseases. 

 

Age, height, weight, computed BMI, bone mineral              
density values of L1-L4 vertebrae, bilateral femoral necks 
and total hips, FRAX score with bone mineral density         
value, total fat mass (in kilograms and percentage) values  
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 generated by the DXA machine from the whole body 
composition scan.  

 

Ethical Approval 
 

The University of the Philippines Research Ethics Board 
gave ethical approval for the conduct of this study. 

 

Statistical Analysis 
 

The encoded data in Microsoft Excel for Mac version 
(Edmonton, Washington, USA) was imported to the 
STATA 15 (StataCorp, Lakeway Drive, College Station, 
Texas, USA). The means and standard deviations were 
used to summarize all normally distributed data while 
the medians and interquartile ranges were used to       
summarize all      non-normally distributed data. Pearson 
correlation and simple linear regression analyses were 
done to determine the correlation between the two    
outcomes – BMD and FRAX – with the following           
potential confounders: age in completed years, height in 
centimeters, weight in  kilograms, and BMI in kg/m2. The 
beta coefficients for the primary effect variable and     
potential confounders were reported along with its 
standard error, 95% confidence interval, R-score, and     
p-values.  A p-value of less than 0.05 is considered           
statistically significant. 

 

RESULTS 
 

Table 1 shows the demographic characteristics of the     
post-menopausal women. The means ± standard             
deviations of all participants in terms of age, weight, 
height and body mass index (BMI) are 64.310 ± 9.001, 
57.756 ± 10.555, 152.800 ± 5.876 and 24.678 ± 4.044,    
respectively. 

 

In terms of BMD of all participants, the hips exhibited the 
highest mean (0.838 ± 0.181), followed by the L1-L4       
vertebrae (0.791 ± 0.179), then lastly by the femoral 
necks (0.730 ± 0.142). FRAX (osteoporotic) showed a 
higher mean (3.129 ± 1.744) when compared to the 
FRAX (hip) (1.058 ± 1.275). Furthermore, the means ± 
standard deviations of the total fat mass in % and kg are 
40.603 ± 6.941 and 23.602 ± 6.829, respectively. 

 

The correlation of BMD (L1-L4) with weight is               
moderately positive, while its correlation with fat mass 
(kg) and BMI is weakly positive. Furthermore, the         

correlation of BMD (L1-L4) with height and fat mass (%) 
is considered very weakly positive. 

 

Among the different variables in analysis of BMD of the 
femoral neck with the different variables, only age 
showed a negative β-coefficient (- 0.0066) and R-score    
(- 0.4196), thereby exhibiting a low negative correlation. 
The correlation of BMD (femoral neck) with weight is            
moderately positive, while its correlation with fat mass 
(kg) and BMI is weakly positive. Furthermore, the            
correlation of BMD (femoral neck) with height and fat 
mass (%) is considered very weakly positive. The             
correlation of BMD (femoral neck) with fat mass (%) is 
not statistically significant (p = 0.063737), while the rest 
of the correlations are considered statistically significant              
(p < 0.05). 

 

The correlation of BMD (total hips) with weight, fat mass 
(kg) and BMI is weakly positive. Furthermore, the            
correlation of BMD (total hips)) with height and fat mass 
(%) is considered very weakly positive. The correlation of 
BMD (hips) with fat mass (%) is likewise not statistically 
significant (p = 0.082811), while the rest of the                  
correlations are considered statistically significant             
(p < 0.05). 

 

For FRAX (hips) inverse pattern when compared with the 
BMD tables. The correlation of FRAX hip (%) with weight 
and BMI is considered weakly negative, while its              
correlation with fat mass (%), fat mass (kg) and height is 
very weakly negative. The correlation of FRAX hip with 
fat mass (kg) is likewise not statistically significant                     
(p = 0.2836), while the rest of the correlations are           
considered statistically significant (p < 0.05). 

 

The correlation of FRAX with the fat mass and other        
clinical variables  showed a similar pattern with Table 2. 
As before, only age showed a positive β-coefficient 
(0.08992) and R-score (0.4642), thereby exhibiting a low 
positive correlation. The correlation of FRAX                  
osteoporotic (%) with weight and BMI is considered 
weakly negative, while its correlation with fat mass (%), 
fat mass (kg) and height is very weakly negative. All the 
correlations made in this table are considered               
statistically significant, since all  p-values are less than 
0.05. 
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TABLE 1. Demographics and clinical characteristics in terms of BMD, FRAX and total fat mass of post-menopausal wom-

Characteristic Means (SD) Standard Error 95% CI 

Age (completed years) 64.310 ± 9.001 0.560 63.212 to 65.408 

Weight (kg) 57.756 ± 10.555 0.657 56.468 to 59.044 

Height (cm) 152.800 ± 5.876 0.366 56.468 to 59.045 

Body Mass Index (kg/m2) 24.678 ± 4.044 0.252 24.185 to 25.172 

BMD (L1-L4) 0.791 ± 0.179 0.011 0.769 to 0.812 

BMD (Femoral Necks) 0.730 ± 0.142 0.009 0.713 to 0.902 

BMD (Total Hips) 0.838 ± 0.1813 0.011 0.816 to 0.860 

FRAX hip 1.058 ± 1.275 0.079 0.903 to 1.213 

FRAX osteoporotic 3.129 ± 1.744 0.108 2.917 to 3.341 

Total Fat Mass (%) 40.603 ± 6.941 0.432 39.756 to 41.450 

Total Fat Mass (kg) 23.602 ± 6.829 0.425 22.769 to 24.435 

TABLE 2. Correlation of BMD (L1-L4, femoral neck, and total hip) and FRAX with Fat Mass and other clinical variables  

Clinical 
Variable 

BMD (L1-L4) BMD Femoral Neck BMD Total Hip FRAX (hip) FRAX (major) 

R-score p-value R-score p-value R-score p-value R-score p-value R-score p-value 

Fat mass 
(kg) 

0.3108 p < 
0.00001 

0.3937 p < 
0.00001 

0.3031 p < 
0.00001 

-0.06752 0.2836 -0.29017 p < 
0.00001 

Fat mass 
(%) 

0.0497 p < 
0.00001 

0.1156 0.063737 0.1082 0.082811 -0.1937 0.001844 -0.1268 0.043166 

Height 0.2545 0.000035 0.2700 0.000011 0.2362 0.000128 -0.2111 0.000647 -0.2262 0.000252 

Weight 0.5227 p < 
0.00001 

0.5224 p < 
0.00001 

0.4625 p < 
0.00001 

-0.4678 p < 
0.00001 

-0.4076 p < 
0.00001 

BMI 0.4756 p < 
0.00001 

0.4753 p < 
0.00001 

0.4231 p < 
0.00001 

-0.4325 p < 
0.00001 

-0.3578 p < 
0.00001 

Age -0.2226 0.000326 -0.4196 p < 
0.00001 

-0.3695 p < 
0.00001 

0.4108 p < 
0.00001 

0.4642 p < 
0.00001 
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Figure 1. Scatter plots of fat mass (total in kg and percentage) vs BMD (L1-L4, femoral neck and total hips) and 10-year 
probability of fracture with bone mineral density (hips and major). (A) R-score = 0.3108 , P < 0.00001 ;(B) R-score = 
0.0497, P < 0.00001; (C) R-score = 0.3937, P < 0.00001; (D) R-score = 0.1156, P= 0.063737; (E) R-score = 0.3031, P < 
0.00001; (F) R-score = 0.1082, P = 0.082811; (G) R-score = -0.06752, P = 0.2836; (H) R-score = -0.1937, P = 0.001844; (I) R
-score = -0.29017, P < 0.00001; (J) R-score = -0.1268, P = 0.043166 
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DISCUSSION 
 
To the best of our knowledge, this is the first study        
identifying the possible correlation of fat mass to bone 
mineral density and 10-year FRAX based-fracture risk 
among post-menopausal Filipino women. Our findings 
showed that most post-menopausal women in this study 
has a mean of 40.6029 ± 6.9414 percentage fat mass. 
Though there is no specific recommendation on what the 
ideal percentage body fat mass is, a percentage of more 
than 30% for women equates to obesity [26]. 

 
Increase in body weight in the form of central obesity 
and changes in metabolism happen during menopause. 
This is attributed to the rapid decrease in estrogen in the 
body. Though not only it is hormonal, different             
environmental, genetic and lifestyle factors should be 
considered in weight gain and fat accumulation during 
this period [7]. According to Zhao in 2008, overweight 
individuals were said to have higher BMD values than 
individuals who weigh less. It was explained that greater 
fat mass imposes greater mechanical stress so that the 
bone adapts by increasing its mass to accommodate the 
heavier load. In addition, adipose tissues were said to 
expresses estrogen, resistin, leptin, adiponection, and 
interleukin-6, which may be involved with bone            
metabolism, contributing to the relationship between fat 
and bone [8]. With this premise, fat could be a protective 
from bone fracture and osteoporosis. This was supported 
by various studies that leave a general consensus that 
heavier individuals are said to be more protected against 
fractures and osteoporosis [27-29]. 
 
However, in this study, there was a weak positive            
correlation between BMD  (L1-L4, femoral neck and hip) 
and fat mass. The reduction in the 10-year FRAX based 
fracture risk (hip and osteoporotic) showed very weak    
negative correlation. Theoretically, given that the            
increased fat mass may possibly be protective to             
osteoporosis and probable fracture, this was not          
observed in the study. In contrast to the possibility that 
fat mass could be protective, a study done by Hsu and 
colleagues in 2006, noted a higher percentage fat mass 
showed negative effect on bone mass in contrast with 
the positive effect of weight-bearing.  
 
Looking into other parameters in the correlation         
analyses, only weight had moderately positive               
correlation with the BMD of L1-L4 vertebrae and femoral 
neck. An all other parameters showed weak correlation 
with BMD and 10-year FRAX based fracture risk (hip and 
osteoporotic).  
 

With this study showing that weight has moderately       
positive correlation to BMD, and having fat mass weakly 
correlated to BMD and FRAX risk reduction, perhaps this 
could be taken into account the importance of other      
components of weight.  Ilesanmi-Oyelere and colleagues 
in 2018 found that among postmenopausal women lean 
mass has been the strongest predictor for femoral neck, 
spine and whole body BMD [30]. This may suggest that 
with the weak correlation of fat mass among                   
postmenopausal Filipino women with BMD and FRAX 
based risk reduction, and importance of weight to          
promote increase in BMD, lean mass should be of more 
focus on protective against fractures.  Increasing body fat 
for fracture protection may not be advised for increased 
body fat may also be attributed to other diseases. 
 
While our findings were contradicting with different      
studies with different population, having a data set          
reference for Filipino women could still be of value and 
may help contribute in creating future                            
recommendations. 
 

LIMITATIONS OF THE STUDY 
 
One limitation of the study is the relatively small number 
of subjects included in the analysis. It could be                 
recommended for future analysis that more subjects be 
included by possibly including data from other              
institutions.  
 

CONCLUSION 
 

Among postmenopausal Filipino women, fat mass has a 
weak and positively correlation with bone mineral        
density and weak negative correlation with FRAX related 
fracture risk. Weight showed moderately positive         
correlation on lumbar and femoral neck BMD. In relation 
to this, lean mass may be a better factor to check for its 
protective   capability. 
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