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Association of body composition with bone mineral density and 

fracture in diabetic elderly: Results from AHAP study  
 

Abstract 

Background: Diabetes is a common metabolic disorder and one of its comorbidities is 

osteoporosis. In previous studies, the effect of lean mass and fat mass on bone has been 

investigated separately. Therefore, the aim of this study was to investigate the 

association between body composition with bone mineral density (BMD) and fractures 

in diabetic elderly. 

Methods: This population based cross-sectional study is part of the second phase of the 

Amirkola Health and Ageing Cohort Project (AHAP). Diabetes was diagnosed by 

fasting blood glucose level twice greater than or equal to 126 mg/dl. BMD and body 

composition were measured by Hologic Horizon-WI densitometer. History of fracture 

was obtained by asking the elderly individual. Then data were analyzed using statistical 

tests and ROC curve. 

Results: Out of 469 elderly diabetics, 270 (57.57%) were women. The mean age was 

68.70±6.18. Older people with osteopenia, osteoporosis and fracture had lower visceral 

fat mass (VFM), lean mass (LM) and waist circumference (WC) than normal people. 

The mean BMD in elderly with less than 10 years of diabetes history was greater and 

the percentage of fractures in elderly individuals with more than 10 years of diabetes 

was higher. In Roc analysis, the highest area under the curve was related to LM 78% 

(0.78±0.02), WC 67% (0.67±0.03) and VFM 62% (0.62±0.03) for estimation of 

osteoporosis. 

Conclusion: In this study, LM, WC and VFM had the greatest effect on BMD and 

fracture in elderly diabetic.  
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Diabetes is a very common metabolic disorder in society and one of its 

comorbidities is osteoporosis. The decrease in bone mineral density and the weakening 

of its microscopic structure in these patients causes a decrease in bone strength and an 

increase in the risk of fracture, especially in people over 50 years old (1). Despite the 

higher bone mineral density in diabetic compared to normal people, patients with type 

2 diabetes are at a higher risk of fractures, and this issue indicates a complex relationship 

between type 2 diabetes and bone health. Overweight and obesity as a metabolic 

disorder are associated with type 2 diabetes in many cases (2, 3). In the past, it seemed 

that obesity and overweight have a protective effect on bone mineral density, but new 

studies have challenged this belief (4, 5). Body weight also has a positive effect on bone 

mineral density, but at the same time, obesity increases the risk of fractures. The way in 

which fat distribution and its metabolic effects influence bone mineral density is not 

completely understood (6).  

http://dx.doi.org/10.22088/acadpub.BUMS.8.2.67
https://caspjim.com/article-1-4654-en.html


 

Caspian Journal of Internal Medicine 2026 (Spring); 17(2): 302-311 

Body composition, Bone mineral density, Fracture in diabetic elderly                                            303 
 

Although some studies have indicated a negative effect 

of visceral fat on bone mineral density (7, 8), this effect has 

not been observed in other studies (9, 10). In previous 

studies, the effects of lean mass and fat mass on bone have 

been examined separately, and their results indicate a 

protective effect of lean mass on bone, while fat mass has 

led to bone damage and muscle atrophy due to the induction 

of inflammatory effects (11, 12). According to the 

assessments carried out by the researcher, few studies have 

been conducted on the association between body 

composition with bone mineral density and fractures in 

diabetic elderly people. The limitations of these studies 

include the small sample size (13, 14), hospitalized elderly 

diabetic patients (13) and the lack of strong and sufficient 

evidence regarding the association between visceral and 

subcutaneous fat mass with fracture risk (15) as well as 

body composition measurements using methods other than 

Hologic densitometry (15). Therefore, it is necessary to 

conduct a study with a larger, population-based sample size 

to simultaneously assess the impact of fat mass, visceral fat, 

body mass index, waist circumference, and lean mass on 

bone mineral density and fractures in elderly patients with 

diabetes. 

 

 

Methods  

This cross-sectional population-based study is a part of 

the second phase of the Amirkola Health and Ageing Cohort 

project, which is conducted on all diabetic elderly people of 

Amirkola city (16). The diagnosis of diabetes was based on 

measuring fasting blood glucose levels of 126 mg/dL or 

higher on two separate occasions and or patient self-report 

confirmed by reviewing the patient’s previous medical 

records and medications (17). Exclusion criteria include 

having type 1 diabetes, drugs effective in the treatment of 

osteoporosis, drugs affecting bone metabolism for more 

than 6 months or during the last 12 months such as systemic 

corticosteroids, immunosuppressive drugs and hormone 

replacement therapy, Chronic renal failure, and 

malignancies. Demographic data including age, sex via 

questionnaire and anthropometric data such as height, 

weight, and waist circumference were measured using a 

standard method. Height (in centimeters) was measured by 

a standing scale with an accuracy of 0.1 cm and weight (in 

kilograms) was measured by a Seca digital scale with 

minimal clothing and no shoes and an accuracy of 0.1 kg. 

Waist circumference was measured at the midpoint between 

the highest point of the iliac crest and the lower edge of the 

ribs, parallel to the ground. The BMI was calculated by 

dividing weight in kilograms by height in meters squared, 

and individuals were categorized into four subgroups: 

underweight (BMI < 18.5), normal (18.5–24.9), overweight 

(25–29.9), and obese (BMI ≥ 30) (18). The amount of 

physical activity in the elderly was calculated using the 

standard questionnaire Physical Activity Scale for Elderly 

(PASE) (19). The validity and reliability of the Persian 

version of this questionnaire was determined in the study of 

Keikavoosi-Arani et al. (20).  

Using the Hologic densitometer (model Horizon-WI), in 

addition to measuring the BMD of the spine and hip bone, 

bone density of the wrist, whole body scans, and soft tissue 

density measurements including visceral, regional, and total 

body fat were assessed, with results expressed based on the 

T-score. A T-score of -2.5 or lower was classified as 

osteoporosis, a T-score between -1 and -2.5 as osteopenia, 

and a T-score greater than -1 as normal (21). For the scan, 

the patient lay on their back on the table, with their arms at 

their sides, and before each scan, the device was calibrated 

according to the manufacturer's recommendations. The 

resulting data were then analyzed using Hologic Apex 

software version 5.6.0.2. DXA is a reliable method for body 

composition analysis that is based on resistance to x-ray 

transmission, allowing for the separation of body weight 

into fat mass, lean mass, bones, and minerals.  

In this method, fat mass is measured in grams and 

includes visceral adipose tissue (VAT), local fat and total 

body fat. This software calculates visceral fat by subtracting 

subcutaneous adipose tissue (SAT) from total fat in the 

android region. The android and gynoid regions are 

automatically obtained using the software provided by the 

manufacturer. Additionally, all densitometry assessments 

were performed by a trained expert with years of experience 

in the radiology and densitometry center. To determine the 

serum level of 1,25-hydroxyvitamin D, which is the active 

form of this vitamin, a morning blood sample was taken 

from all the elderly and measured by ELISA in the Khazar 

Comprehensive Laboratory of Babol University of Medical 

Sciences using the Enzyme Immunoassay kit. After data 

entry and coding in the SPSS 22 software, the obtained 

information and data were analyzed using t test, ANOVA, 

Pearson's correlation coefficient and ROC curve. A p-value 

less than 0.05 was considered as a significant level.  

 

 

Results 

Out of 2135 elderly people examined in the second phase 

of the Amirkola cohort, 598 of them had diabetes, and by 

applying the exclusion criteria, 469 eligible people were 

included in the study. Among them, 199 (42.43%) were men 

and 270 (57.57%) were women. The mean age of the 
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participants was 68.70±6.18 (range 60-90 years). As shown 

in table 1, the body mass index (p<0.001) and the level of 

physical activity (P=0.08) were lower in patients with 

osteoporosis as compared to the patients with osteopenia 

and normal bone density. In addition, visceral fat mass, lean 

mass, and total fat mass were lower in patients with 

osteopenia and osteoporosis as compared to the patients 

with normal bone density (p<0.001). The waist 

circumference, height, and weight were also smaller in both 

groups compared with the normal group (p<0.001). 

Analyses by gender showed that the levels of lean mass, 

visceral fat mass, total fat mass, body mass index, waist 

circumference, height, and weight in osteoporotic and 

osteopenic patients were significantly lower compared to 

that of patients with normal bone density in both males and 

females ((p<0.01). 

Table 2 gives the Pearson correlation coefficient of the 

bone mineral density and body composition and other 

quantitative variables. A positive and significant association 

in both genders is evident between the BMD of the femur 

or spine regions with visceral fat mass, total fat mass, lean 

mass, BMI, and waist circumference (p<0.001).  

 

Table 1. Mean and standard deviation of the studied variables according to bone mineral density status in diabetic 

elderly people in Amirkola city 

Variables 
Normal 

Mean± SD 

Osteopenia 

Mean± SD 

Osteoporosis 

Mean± SD 
P-value 

Drug number 5.26±3.25 5.69±3.16 5.13±3.44 0.26 

Number of chronic diseases 4.46±2.18 5.05±2.16 5.58±2.38 <0.001 

Body Mass Index (kg/m2) 30.15±4.15 29.45±4.86 27.74±4.96 <0.001 

Physical activity (PASE score) 99.59±54.03 89.14±47.29 87.17±49.04 0.08 

Vitamin D (ng/dl) 58.20±37.38 69.81±75.88 69.67±49.41 0.52 

Calcium (mg/dl) 8.98±1.01 9.44±5.95 9.12±1.04 0.57 

Phosphor (mg/dl) 3.80±0.62 4.05±1.73 3.94±0.51 0.19 

Albumin (g/dl) 4.40±0.49 4.43±0.53 4.33±0.47 0.26 

Lean mass (g) 44354.01±7174.63 39771.50±6695.95 34041.24±5672.53 <0.001 

Fat mass (g) 30039.50±7751.07 29044.71±8786.34 26557.49±8533.73 0.005 

Visceral fat mass (g) 1008.15±311.32 940.22±333.20 835.76±352.17 <0.001 

BMD Femur (gr/cm2) 0.88±0.09 0.72±0.07 0.62±0.09 <0.001 

BMD Spine (gr/cm2) 1.11±0.12 0.90±0.08 0.73±0.08 <0.001 

Waist circumference (cm) 98.34±9.56 95.13±10.32 90.55±11.13 <0/001 

Height (Cm) 160.59±8.11 156.24±8/59 150.31±7/79 <0/001 

Weight (kg) 77.60±10.92 71.65±11.51 62.77±12.53 <0/001 

Physical Activity Scale for Elderly (PASE), bone mineral density (BMD) 
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Table 2. Pearson correlation coefficient between bone mineral mass, body composition, and quantitative variables 

studied in diabetic elderly people in Amirkola city 

Variable  Age 

BMD 

Spine 

(gr/cm2) 

BMD 

Femur 

(gr/cm2) 

Visceral 

fat (g) 

Fat 

mass 

(g) 

Lean 

mass 

(g) 

Drug 

number 

Number 

of 

chronic 

diseases 

Body 

Mass 

Index 

(kg/m2) 

Physical 

activity 

(PASE 

score) 

Waist 

circumference 

(Cm) 

BMD Spine 

(gr/cm2) 

r 

p
 v

alu
e 

-0.96 

0.03 
1          

BMD Femur 

(gr/cm2) 

r 

P
 v

alu
e 

-0.22 

0.001 

0.69 

0.001 
1         

Visceral fat 

mass (g) 

r 

P
 v

alu
e 

-0.11 

0.01 

0.15 

0.001 

0.17 

0.001 
1        

Fat mass (g) 

r 

P
 v

alu
e 

-0.18 

0.001 

0.03 

0.40 

0.12 

0.005 

0.77 

0.001 
1       

Lean mass (g) 

r 

P
 v

alu
e 

-0.16 

0.001 

0.57 

0.001 

0.63 

0.001 

0.27 

0.001 

0.1 

0.001 
1      

Drug number 

r 

P
 v

alu
e 

-0.09 

0.04 

-0.01 

0.72 

0.003 

0.95 

0.11 

0.01 

0.19 

0.001 

-0.09 

0.03 
1     

Number of 

chronic 

diseases 

r 

P
 v

alu
e 

-0.16 

0.001 

-0.21 

0.001 

-0.21 

0.001 

0.11 

0.01 

0.18 

0.001 

-0.22 

0.001 

0.49 

0.001 
1    

Body Mass 

Index (kg/m2) 

r 

P
 v

alu
e 

-0.18 

0.001 

0.08 

0.05 

0.21 

0.001 

0.74 

0.001 

0.88 

0.001 

0.24 

0.001 

0.18 

0.001 

0.18 

0.001 
1   

Physical 

activity 

(PASE score) 

r 

P
 v

alu
e 

-0.32 

0.001 

0.11 

0.01 

0.15 

0.001 

-0.06 

0.13 

-0.05 

0.23 

0.10 

0.02 

-0.14 

0.002 

-0.21 

0.001 

-0.04 

0.34 
1  

Waist 

circumference 

(Cm) 

r 

P
 v

alu
e 

-0.11 

0.01 

0.23 

0.001 

0.30 

0.001 

0.75 

0.001 

0.74 

0.001 

0.45 

0.001 

0.16 

0.001 

0.08 

0.06 

0.77 

0.001 

-0.01 

0.71 
1 

Calcium 

(mg/dl) 

r 

P
 v

alu
e 

-0.62 

0.17 

-0.002 

0.96 

0.005 

0.91 

-0.01 

0.72 

-0.04 

0.35 

0.05 

0.27 

-0.04 

0.36 

-0.06 

0.18 

-0.01 

0.70 

0.02 

0.55 

0.008 

0.85 

Physical Activity Scale for Elderly (PASE), bone mineral density (BMD)  
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As shown in table 3, elderly individuals with a history of 

fractures had lower lean mass, visceral fat mass, waist 

circumference, height, and bone mineral density in both the 

femur and spine regions. However, only the association 

between fractures and lean mass (P=0.03), bone mineral 

density (P=0.001), and height were statistically significant. 

Analysis by gender shows that both men and women with a 

history of bone fractures had lower lean mass, visceral fat 

mass, waist circumference, height, and bone mineral density 

in both the femur and spine regions. However, only the 

association between fractures and bone mineral density in 

the spine region was significant in both genders (P<0.01). 

The ROC curve analysis was used to determine the 

predictive role of each variable in estimating osteoporosis. 

As shown in figure 1, the highest area under the curve was 

related to lean mass 78% (0.78±0.02), followed by waist 

circumference 67% (0.67±0.03) and visceral fat mass 62% 

(0.62±0.03) (P<0.001). Analysis by gender shows the 

highest area under the curve in men, corresponds to lean 

mass 77% (0.77±0.04), body mass index 65% (0.65±0.07), 

and visceral fat mass 64% (0.64±0.07) and in women, 

corresponds to total fat mass 71.6% (0.71±0.03), lean mass 

71.3% (0.71±0.03), and body mass index 69.7% 

(0.69±0.03) (table 4). 

In this research, the mean bone mineral density in the 

both regions of spine (0.93±0.17 vs 0.89±0.14) (P=0.053) 

and femur (0.75±0.14 vs 0.73±0.13) (P=0.01) in elderly 

patients with less than 10 years of diabetes history was 

greater as compared to the patients with more than 10 years 

of diabetic history. The percentage of fractures in elderly 

individuals with more than 10 years of diabetes was lower  

than that in patients with a shorter history (29.14% vs 

31.93%), although this did not reach statistical significance 

. In this study, the mean HbA1c (%) in elderly diabetic with 

osteoporosis was 7.93±1.73 as compared to 7.58±1.49 for 

elderly diabetic with normal bone mineral density, though 

this result was not significant (P = 0.608). HbA1c was 

measured for 154 elderly participants in the present study.  

 

Table 3. Mean and standard deviation of the studied variables according to fracture history in diabetic elderly people 

in Amirkola city 

Variables 
Fracture (-) 

Mean± SD 

Fracture (+) 

Mean± SD 
P-value 

Drug number 5.39±3.17 5.53±3.45 0.68 

Number of chronic diseases 4.54±2.06 6.10±2.29 <0.001 

Body Mass Index (kg/m2) 29.22±4.66 29.35±5.00 0.79 

Physical activity (PASE score) 92.52±50.74 89.70±47.79 0.57 

Vitamin D (ng/dl) 57.90±49.37 84.67±77.03 0.10 

Calcium (mg/dl) 9.24±4.95 9.21±1.00 0.94 

Phosphor (mg/dl) 3.94±1.46 3.97±0.62 0.84 

Albumin (g/dl) 4.39±0.54 4.40±0.42 0.87 

Lean mass (g) 40235.30±7542.61 38615.81±7528.99 0.03 

Fat mass (g) 28747.58±8266.44 28784.29±9138.37 0.96 

Visceral fat mass(g) 939.23±325.51 927.20±363.22 0.72 

BMD Femur (gr/cm2) 0.75±0.12 0.71±0.12 0.001 

BMD Spine (gr/cm2) 0.94±0.16 0.86±0.14 <0.001 

Waist circumference (Cm) 95.00±10.44 94.97±11.21 0.97 

Height (Cm) 156.68±8.88 154.77±9.29 0.03 

Weight (kg) 71.73±12.51 70.32±13.24 0.27 

Physical Activity Scale for Elderly (PASE), bone mineral density (BMD) 
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Table 4. Area under the curve (AUC) of variables affecting bone mineral mass in the Roc curve in the elderly of 

Amirkola city in total and by gender 

Variables 
Area under the 

curve (total) 
P-value 

Area under the 

curve (Male) 
P-value 

Area under the 

curve (Female) 
P-value 

Fat mass (g) 0.61±0.03 <0.001 0.59±0.07 0.21 0.71±0.03 <0.001 

Lean mass (g) 0.78±0.02 <0.001 0.77±0.04 <0.001 0.71±0.03 <0.001 

Visceral fat mass (g) 0.62±0.03 <0.001 0.64±0.07 0.058 0.64±0.03 <0.001 

Waist circumference 

(Cm) 
0.67±0.03 <0.001 0.63±0.07 0.07 0.67±0.03 <0.001 

Body Mass Index 

(kg/m2) 
0.63±0.03 <0.001 0.65±0.07 0.03 0.69±0.03 <0.001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure1. Roc curve of quantitative variables in diabetic elderly people in Amirkola city 

 

 

Discussion  

The present study has been conducted to find out the 

relation between body composition with BMD and fractures 

among elderly diabetics using data from phase two of the 

Amirkola Health and Ageing Cohort Project (AHAP). 

While many studies have been carried out on the association 

between BMD and body composition in various groups, 

only a few relate to diabetic individuals. 

This study found that muscle mass, fat mass, and visceral 

fat were significantly lower in diabetic elderly patients with 

osteoporosis and osteopenia than in diabetic patients with 

normal BMD. The analysis of the ROC curve showed that 

muscle mass, waist circumference, and visceral fat were the 

three most important predictive factors for osteoporosis in 

diabetic elderly patients, though the effect of fat mass was 

more significant in females. 

In the research conducted by Meng et al. (2022), 233 

diabetic elderly subjects were involved; a group that had 

normal bone mineral density both in the hip and spine were 

found to have higher muscle mass. It has also documented 

the positive impact of fat mass on BMD. This research gave 

the greatest mechanical effect to fat mass (13). In the study 

by Jia et al. (2020), which involved 187 participants, of 

whom 27 had diabetes and 28 had glucose tolerance 



 

 Caspian Journal of Internal Medicine 2026 (Spring); 17(2): 302-311 

308                                                                              Hosseini SA, et al. 

 

disorders, muscle mass was found to be a strong and 

positive predictor of bone mineral density (14). In most of 

these studies, the protective effect of muscle mass on bone 

mineral density is mainly attributed to the mechanical role 

of muscles, besides its beneficial effects at the microscopic 

structure of the bone. 

In the present study, a positive and significant correlation 

was observed between visceral fat mass and bone mineral 

density in diabetic elderly individuals of both genders. It 

was also noted that women had a higher visceral fat mass 

compared to men, and the correlation coefficient with bone 

mineral density was greater in elderly diabetic women than 

in men. Previous studies have often pointed to the lack of 

effect or the negative impact of visceral fat mass on bone 

health. For instance, in the study by Liu et al. (2016) 

involving 710 participants from the Framingham study, 

visceral fat mass did not have a significant effect on bone 

mineral density (22). In the study by Spadaccini et al. 

(conducted on 795 elderly individuals aged 65 to 100), no 

association was found between visceral fat tissue and bone 

mineral density (23). The study by Zhu et al. also 

highlighted the negative role of visceral fat, stating that high 

levels of visceral fat are associated with low BMD (7). 

However, in the study by Hosseini et al. involving 1200 

elderly individuals, a strong positive effect of visceral fat 

mass was reported (10). In the study by Gao et al. (2021), 

conducted on 137 diabetic menopausal women, it was 

observed that women over 65 years old had significantly 

higher visceral fat mass, body mass index, subcutaneous fat 

mass, and bone mineral density compared to the normal 

group. This study indicated that type 2 diabetes can affect 

abdominal fat distribution in menopausal women (24). 

Given the low weight of visceral fat, its positive effect on 

bone mineral density should be investigated not through 

mechanical means but rather through the role of this tissue 

as an endocrine gland. Numerous studies have explored the 

role of this tissue in secreting substances such as 

adiponectin, leptin, visfatin, resistin, and even interleukins. 

The study by Brener et al. (25) highlighted the positive 

effect of adiponectin. Additionally, the study by Xie et al. 

showed that visfatin plays a role in the mineralization of 

bone matrix (26). 

In this study, the mean HbA1c in elderly diabetic patients 

with osteoporosis was higher compared to that in elderly 

diabetic patients with normal bone mineral density, though 

the result was not significant (P=0.608). Furthermore, in the 

present study, the mean HbA1c was not significantly 

different between elderly diabetic patients with and without 

previous history of bone fractures (P=0.628). The study by 

Oei et al. (2024), conducted on 420 diabetic patients, 

showed that the group with poor glycemic control, while 

having higher bone mineral density, was at a greater risk for 

fractures. It has been specified in the above study that the 

high risk for fracture in individuals with high bone mineral 

density while on improper glucose control might be due to 

the formation and accumulation of multiple microcracks, 

meaning poor healing and repair of the bone (27). Other 

possible reasons include changes in body composition such 

as muscle mass loss and the onset of sarcopenia (28), 

increased production of non-enzymatic cross-links in 

collagen fibers, which negatively affects the bone matrix 

(29), and alterations in bone remodeling regulation through 

effects on pathways for bone formation and resorption by 

impacting osteoblasts and osteoclasts (30, 31). 

According to the results of the present study, the mean 

bone mineral density in both regions-femur, spine-was 

significantly lower in elderly individuals with a history of 

diabetes lasting 10 years or more compared to the other 

group. Additionally, diabetic elderly individuals with a 

history of bone fracture had a statistically significant lower 

mean bone mineral density in both two mentioned areas. In 

the study by Luo et al. (2024), conducted on 692 elderly 

diabetic individuals, it was found that people with diabetes 

had higher bone mineral density compared to the control 

group; however, the risk of fractures in diabetic patients was 

greater over the next ten years. Furthermore, as the duration 

of diabetes and its progression increased, bone mineral 

density sharply decreased, leading to a higher risk of 

fractures. The higher BMD in diabetic individuals has been 

attributed to weight gain and increased fat mass (32). 

Additionally, adipose tissue can play a role in regulating 

bone remodeling both directly and indirectly through the 

secretion of various adipokines (33, 34). Walsh et al. 

showed in their study that adipose tissue is the major source 

of estrogen among menopausal women through the 

mechanism of conversion of androgens to estradiol, and 

androstenedione to estrone. This can lead to an increase in 

bone mineral density due to the inhibition of osteoclast 

activity. Furthermore, adipose tissue, through the secretion 

of leptin and calpain, reduces the levels of sex hormone-

binding globulin, consequently increasing the levels of free 

hormones (35). 

During the prolongation of diabetes, the complications of 

microangiopathy and neuropathy occur more often. 

Microangiopathy appears to act as a risk factor for 

osteoporosis and for abnormal BMD (36). It has also been 

postulated that the peripheral nervous system in diabetic 

patients influences the regulation of bone metabolism 

through neurotransmitters and neuromodulation in blood 

vessels supplying bone cells. With the chronic course of 
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diabetes, accompanied by vascular and neural lesion, 

deficits of balance and coordination while walking appear 

which promotes sedentary lifestyle and further leads to bone 

mass loss and reduction in BMD (37). Moreover, nutritional 

deficiencies states, that might affect the bones, are rather 

common in elderly patients with a long-term disease (38). 

In the present study, waist circumference was also found to 

be positively associated with bone mineral density. The 

waist circumference of women was higher than that of men 

and the effect on bone mineral density was greater. The 

results are in agreement with the study conducted by Pan et 

al. (39) in 2024 on 11,165 participants. In contrast, in a 

study conducted by Hua et al. (40) in 2021 on 5,084 

patients, it was remarked that waist circumference 

negatively and inversely correlates with bone mineral 

density in the lumbar region. Limitations of this cross-

sectional study are that the assessment of the casual 

association becomes difficult. Although a significant 

relationship was established between VAT and BMD, but a 

prospective study along with a check on serum levels and 

effects of factors secreted from visceral adipose tissue could 

better elucidate the role of these factors. Also, the study did 

not measure any other variables related to the participants' 

socioeconomic status regarding alcohol consumption, 

nutrition, and smoking. Some strengths of this study include 

the large sample size, extensive body composition analysis 

which also involved muscle mass, fat mass and visceral fat 

mass; the measurement of the bone mineral density of all 

three regions: femur, spine, and whole body, using a 

Hologic densitometer.In this study, muscle mass had the 

greatest impact on bone mineral density and bone fractures. 

This highlights the significant importance of daily physical 

activity, especially in elderly diabetic individuals who are at 

a higher risk of developing osteoporosis. Fat mass also had 

a positive effect on bone mineral density; however, due to 

the greater impact of muscle mass and the associated 

complications and risks of higher fat mass on the health of 

other organs, it is more advisable to focus on increasing 

muscle mass rather than fat mass. Additionally, in this 

study, visceral fat mass also had a positive effect on bone 

mineral density, which cannot be attributed to mechanical 

effects given its lower weight. This positive effect is likely 

due to the endocrine properties of this organ, which requires 

further investigation and studies. 
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