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ABSTRACT 

Objective: The target of this study was to assess the correlation between each 

two of the following variables; body mass index (BMI), body balance, and 

bone mineral density (BMD) in postmenopausal women in order to detect the 

threatening factors that predispose them to fractures. Methods: Forty-eight 

elderly postmenopausal women contributed to this study. Their ages ranged 

from 50 to 55 years. The valid and objective Berg Balance Scale (BBS) was used 

to assess their body balance. The BMD of lumbar vertebrae was measured by 

the golden standard scanning method known as dual energy X-ray 

absorptiometry (DEXA). Results: The obtained findings of Pearson correlation 

analysis revealed a substantial negative correlation between BMI and body 

balance with p value = 0.000 and r = -0.49 and also a significant negative 

correlation between BMI and BMD with p value = 0.008 and r = -0.38. In 

addition, there was a statistical positive correlation between body balance and 

BMD with P value = 0.005 and r = 0.6. Conclusions: Increasing BMI is a risk 

factor to a disturbed balance and a decreased BMD and this in turn increases 

the susceptibility of falls developing fractures in elderly females. Furthermore, 

increased BMD augments body balance. Trial registration; Clinical Trials.gov 

Identifier: NCT03280693. 
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1. INTRODUCTION 

Bone mineral density (BMD) is defined as the quantity of hydroxyapatite per 

area of bone (g/cm²) and it is considered the best indicator of fracture 

occurrence (Abd El Mohsen et al., 2016; Chen et al., 2018). Post-menopausal 

women show an average 20 to 25 % drop in BMD over a 16-year period after 

menopause (Hansen et al., 1995). It was demonstrated that one in two 

postmenopausal women has an osteoporotic fracture in their continuing 

lifetime (Harvey et al., 2006). Studies found that white woman after stop of 

menstrual cycle are in a danger of hip fracture occurrence, which increases the 

mortality rate one year after sustaining fracture (Roche et al., 2005). The 

foremost type of fractures to be considered post menopause is vertebral 
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fractures as they are concomitant with extensive disability and morbidity, including reduced function, back pain, loss of height, 

deformity, and decreased quality of life (Cummings & Melton, 2002). Lumbar spine and femoral DEXA scanning are the most 

accurate and reported ways for BMD measuring (Abd El Mohsen et al., 2016). The deficiency of balance or postural control, lower 

extremity muscle weakness, and walking difficulty have been found to be very important intrinsic threatening factors for falls and 

fractures  in patients with osteoporosis. By comparing women with osteoporosis with other healthy women, we can conclude that 

women with osteoporosis are more vulnerable to fracture. Fractures result not only from low BMD but also from the increased risk 

of falls due to poor balance and muscle weakness (Runge et al., 2001). Improving balance is necessary to be able to avoid any risk of 

perturbations in static and dynamic postures and conditions (Liu-Ambrose et al., 2003). Therefore, it is very important to take care 

of muscles᾿ flexibility, power, body balance, during assessment and treatment in clinical practice (Shumway-Cook et al., 2000). One 

of the most objective, valid, and functional methods to evaluate body balance and estimate risk of disturbed movements and 

perturbations for the elderly people is the BBS (Iwamoto et al., 2009). Many researchers used the BBS as an objective, valid and 

reliable method for balance evaluation in their studies (Bogle Thorbahn & Newton, 1996; Viveiro et al., 2019). 

The rate of bone turnover is influenced by subject’s weight (Cifuentes et al., 2003; Kujath et al., 2015), but the actual cause 

concerning mass type (lean or fat) can’t be predicted. However, a challenging study established an explanation. It concluded that 

lean mass is the chief element related to bone density. Studies reported that the two of the most serious diseases firmly associated 

with a higher prevalence in both mortality and morbidity worldwide are obesity and osteoporosis (Greco et al., 2015). A number of 

searchers supported the defensive role of obesity against osteoporotic fractures. However, others revealed that obesity may 

demonstrate to remain a threatening element for diminished bone mineral content and increased the incidence of fractures 

(Cifuentes et al., 2003). Another research which was conducted on the South African women confirmed the theory that consider 

lean mass as a greater predictor for BMD and fracture risk than fat mass (Sotunde et al., 2015). Although, there is a gap in research 

investigating the relationship between total body fat and BMD (Kang et al., 2015), possible positive associations between total body 

fat and BMD were argued, proposing the idea of  considering the fat as a co-element helps in transformation of androgens to 

estrogens. These hormones are directly related to BMD (Gremion et al., 2001, Maïmoun et al., 2003). Valuable searches connecting 

between fat mass and density of bone are still missing, especially in cases of people of varying levels of dietary habits.  

Taffee et al., (2003) stated that it is still unclear to detect the certain measure of BMD to which the elderly people depend on in 

their daily physical activities. Not only the measure of BMD but also body size and other factors affect bone and physical activity 

for instance medications, smoking status, sex,and race. They concluded in their cohort study that both bone density and physical 

activity are vital elements to decrease fracture risk as much as possible. A gap is still present in finding the associations among 

BMD, postural control and body size. Consequently, the principal objective of our study was to examine the correlation between 

each two of the following variables; body mass index (BMI), body balance, and bone mineral density (BMD) in postmenopausal 

women in order to detect the threatening factors that predispose to fractures.  

 

2. METHODS 

Participants 

Forty-eight postmenopausal elderly women ageing from 50 to 60 years contributed to this study. Their ages, body masses, heights, 

and body mass indices were respectively as follows: 53.5 ± 2.75 y, 89.08 ± 12.3 kg, 159.67.8 ± 2.54 cm, and 34.89 ± 4.89 Kg/m². They 

didn’t take part in any sports or athletic activities. All of them signed informed consents that they agree to contribute to the study. 

The total experimental duration of the study lasted for about a year from December 2019 to November 2020.  

Lumbar vertebrae DEXA scan was used to assess women BMD. It is a scan of the spine starting at the last lumbar vertebra (L5) 

and ending at the last thoracic vertebra (T12). During scanning, the women relaxed their backs on the scanning table, with bending 

knees and elevating legs on a positioning cube to decrease lumbar lordosis. The BMD measure was classically detected for the 

whole lumbar spine in the posterior-anterior projection, while the x-ray tube was placed behind the patient and the detectors over 

her abdomen (Franck et al., 1995).  

 

Assessment of body balance 

The authors of this study used BBS to assess body balance for all participants. As known, it involves 14 items. Each item has five 

points ranging in its score from zero to four, so that the total score equals 56. The 14 items are as follows; 1) sitting to standing, 2) 

standing unsupported, 3) sitting unsupported, 4) standing to sitting, 5) transfers, 6) standing with eyes closed, 7) standing with feet 

together, 8) reaching forward with outstretched arm, 9) retrieving object from floor, 10) turning to look behind, 11) turning 360°, 12) 

placing alternate foot on stool, 13) standing with one foot in front, and 14) standing on one foot. For all items, “0” represents the 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Bogle%20Thorbahn%20LD%5BAuthor%5D&cauthor=true&cauthor_uid=8650273
http://www.ncbi.nlm.nih.gov/pubmed/?term=Newton%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=8650273
https://pubmed.ncbi.nlm.nih.gov/?term=Viveiro+LAP&cauthor_id=30407272
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lower most functional status and “4” represents the upper most functional status. Overall marks of 41-56 indicates the minimum 

level of  fall and disturbances, 21-40 indicates medium fall threatening status, and 0-20 indicates high fall threatening status (Viveiro 

et al., 2019). It was designed to assess balance in elderly population who suffer balance deficits by evaluating their levels of 

performing functional tasks. A lot of studies investigating the efficacy of treatment protocols confirmed BBS validity and reliability 

in balance assessment (Bogle Thorbahn & Newton, 1996; Viveiro et al., 2019). 

 

Statistical analysis 

Since the data were normally distributed, Pearson correlation analysis was done to calculate if there was any significant association 

among BMI, body balance, and BMD. Data analysis was executed via the statistical package for social sciences (SPSS) and the alpha 

level of significance of difference has been adjusted at p < 0.05. 

 

3. RESULTS 

Pearson correlation analysis investigated the relationships among BMI, BMD measured by DEXA scan, and body balance measured 

by BBS in postmenopausal women. Results revealed a moderate significant positive correlation (p = 0.000, r = 0.6) between BMD 

and body balance (Table 1, Figure 1).  

 

Table 1 Pearson correlation analysis 

Correlation among BMD (g/cm2), balance scores and BMI (kg/m2) 

P value Pearson correlation (r) 
 

0.000
**

 0.6 BMD & balance 

0.000
**

 -0.49 BMI & balance 

0.008 -0.38 BMD & BMI 

** Correlation is significant at the 0.01 level (2-tailed) 

 

 
Figure 1 Positive correlation between BMD and balance 

 

This indicates that when BMD was increasing, body balance was also increasing. Furthermore, a moderate significant negative 

correlation (p = 0.000, r = - 0.49) was detected between BMI and body balance (Table 1, Figure 2). This means that when BMI was 

increasing, body balance was also decreasing.  

 

https://pubmed.ncbi.nlm.nih.gov/?term=Viveiro+LAP&cauthor_id=30407272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Newton%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=8650273
https://pubmed.ncbi.nlm.nih.gov/?term=Viveiro+LAP&cauthor_id=30407272
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Figure 2 negative correlations between BMI and balance 

 

Moreover, a weak significant negative correlation (p = 0.008, r = - 0.38) between BMI and BMD was also detected (Table 1, Figure 

3) indicating that when BMI was increasing, BMD was decreasing.  

 

 
Figure 3 negative correlations between BMI and BMD 

 

4. DISCUSSION 

The statistically significant positive correlation between body balance and BMD in this manuscript may be clarified that balance is 

managed by three organized steps starting with a sensory input followed by proper central processing to reach the purposeful and 

efficient neuromuscular responses. An efficient performance of the motor system needs a healthy neuromuscular system and strong 

muscles for maintaining the center of body mass inside the supporting base area if balance is affected (Saravi & Sayegh, 2013). 

Control of body posture in patients suffering from osteoporosis is considerably affected compared with healthy subjects. It was 

revealed that the results of balance in patients with osteoporosis were 11% lower than those of healthy subjects (Liu-Ambrose et al., 

2003). In addition to the disfiguring consequence of osteoporosis by increasing the thoracic kyphotic curve, major problems 

including locomotion problems, disturbed balance, and increased risk of falls can arise (Sinaki et al., 2005). 

The previous mentioned osteoporosis consequences lead to back pain. Patients with back pain are forced to minimize their 

physical activity through the day and this in turn leads to muscle weakness, poor balance and impaired function. Beside these 
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musculoskeletal problems, any deficiency of the neuromuscular system can destructively disturb body balance and locomotion 

(Liu-Ambrose et al., 2002). Liu-Ambrose et al., (2003) also agreed with the current study results and concluded that women with 

osteoporosis have balance problems and this in turn increases the risk of falls and fractures. Therefore, sustaining fractures is a 

viscous circle including both balance and BMD. 

In the same context, Lynn et al., (1997) observed marked sway and posture imbalance among women with osteopenia as result 

of  increased thoracic during assessment of gait on the force platform representing increased foot center of pressure (COP) shift 

during testing. It was also reported that postmenopausal women suffering from osteopenia and exaggerated kyphosis of the 

thoracic spine rely on the hip strategy to sustain balance during motion. The destructive effect of this type of compensation may 

increases the foot COP shift increasing the postural sway in all directions compared with depending on the ankle strategy. Sinaki et 

al., (2005) opposed the results of Lynn et al., (1997) reporting that osteopenia/osteoporosis and hyper kyphotic curve of the thorax 

showed lower foot COP shift compared with the healthy controls.  

In addition, the presented current study findings demonstrated a statistically negative correlation between BMI and BMD and 

also between BMI and body balance in the tested women. These outcomes may be attributed that overweight elderly women are 

habitually scared of falls and developing fractures, so they select immobility and reduce their mobility to the lowermost level. Since 

bone is developed if used and damaged if not used as stated in Wolff's law (Kerr et al., 2001), BMD diminishes and 

osteopenia/osteoporosis results. Decreased BMD impacts bone health as it leads to brittle weak bone and this in turn affects 

postural control and body balance. Besides, obese women can’t control their center of gravity (COG) within base of support (BOS) 

distressing their postural mechanism and body balance, maximizing risk of falls and making them more predisposed to fractures.  

Some authors have agreed with the current study results and illustrated that there is an adverse effect of adipose tissue on bone 

mineral content. Taes et al., (2009) showed that greater mass of fat is associated with smaller bone size where as lean mass is a 

dependable positive determining factor of bone size. Janicka et al., (2007) confirmed these findings in a group of mature adolescents 

and young adults. Kim et al., (2010) supported the current study results as they assessed the relationships between obesity and 

BMD and vertebral fracture in postmenopausal women. The results revealed that elevated body fat percentage and increased waist 

circumference were positively associated with low BMD and vertebral fracture. Zhao et al., (2007) also concluded that body lean 

mass was positively associated with bone mass. On the other hand, body fat mass was negatively related to bone mineral content.  

Additionally, Chang et al., (2013) proposed that abdominal obesity was negatively correlated with BMD in elderly women. 

Interestingly, Bansal and Bansal (2017) detected no statistically strong relationship between BMI and BMD. Accordingly, they 

revealed that there is no defensive role of obesity against the development of Osteoporosis. They also recommended that there must 

be more searches in the histological structures of fat cells to clarify the role and influence of obesity on BMD in old women. Greco et 

al., (2010) demonstrated that obese patients have a marked decreased lumbar BMD than estimated for age. Robbins et al., (2006) 

reported that BMI is not meaningful to be correlated with bone mineral content in selected individuals. According to Oommen et 

al., (2014), there was no statistically major relationship between BMI and BMD. A study conducted by Saravi et al., (2013) also 

revealed no substantial effect of BMI on BMD. Body weight, BMI and aging are not the only factors that influence bone loss. The 

correlation between BMI and BMD is slightly lower compared to the correlation between body composition parameters and BMD 

(Sheng et al., 2011).  

Several studies disagreed with the current study results and have proposed a strong direct relationship between muscle mass 

and BMD (Wong et al., 2020). According to the concept that muscle mass is related to BMD, it could be concluded that individuals 

with sarcopenia have an increased incidence of osteopenia/osteoporosis. Sarcopenia is a condition of decreased lean mass (muscle 

mass) relative to height (below 5.45 kg/m2) (Ormsbee et al., 2014). The mechanical influence of adipose tissue on bone and estrogen 

synthesis by adipocytes were long assumed to be the main causal reasons for the lower incidence of osteoporotic fractures detected 

in obese or overweight women (Ribot et al., 1994). In contrast, underweight women were observed to be particularly vulnerable to 

the effects of health and lifestyle factors on bone (Boutari et al., 2020).  

It was documented in some studies that body mass is one of the primary factors affecting BMD measures with a typical 

correlation (r) ranging from 0.3 to 0.6 (Reid, 2010). Females after menopause have 1.5 and 3 times higher spinal BMD because of 

their body weight rise as compared to premenopausal women and men, respectively (Mendez et al., 2012; Puntus et al., 2011). 

However, up to now this assumption is debated (Forsmo et al., 2006). Sowers et al., (1992) concluded that the average values of 

bone density around femoral neck are significantly elevated by increasing the entire body muscle mass in premenopausal women.  

The current study results are also opposed by Gentil et al., (2007), who studied the correlation between low lower limb muscle 

mass and low femoral neck and low trochanter BMD. They reported that decreased lower limb muscle mass was associated with 

low BMD. The authors illustrated that the reason for this relationship is uncertain, but it may be because bone density and muscle 

mass are affected by related stimuli, as proposed by the findings of other searches (Kerr et al., 2001). It was hypothesized that the 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ormsbee%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=24740742
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relationship between diminished bone density and diminished muscle mass is very critical since diminished muscle mass indirectly 

increases the liability of fracture occurrence because of disturbed balance. Furthermore, the bulk of muscles around a bone provide 

a way of protection by acting as a cushion that absorbs forces during falling. Therefore, when low BMD is combined with low 

muscle mass, a greater danger of fractures is present. Therefore, they recommended that DEXA scan has to be used to recognize 

both BMD and muscle mass in women after menopause to evaluate the predisposing factors of fractures and disability more 

precisely (Rosenberg et al., 1995).  

Dishman et al., (2004) also indicated that people with a higher BMI also have a higher BMD. Ambroszkiewicz et al., (2015) 

carried out a study on elderly people with ranging in their BMD from diminished to a standard level. They noticed a great danger 

of fractures occurrences in those with a significant reduction in BMD (osteoporosis).  

The limitation of this study was that the body mass was evaluated as a whole including both lean mass and fat mass. The 

association between each mass of them to BMD and balance wasn’t assessed separately. 

 

5. CONCLUSION 

It can be concluded from the current study that body balance and BMD are positively correlated to each other. Furthermore, body 

balance and BMD are negatively correlated to BMI. This in turn means that bone health (bone density) and postural control are 

strongly dependent on each other. Even low BMD is not the reason for balance deficits and balance deficits are not the reason for 

low BMD, both these problems are present in postmenopausal women and each of them affects the other. Therefore, 

postmenopausal women, who suffer balance deficits and weak bones, have to seek rehabilitation programs that challenge both 

balance and bone strength. Additionally, increasing body mass is a risk factor to decreased balance and bone density increasing the 

danger of falls and fracture in old females. Therefore, women have to control their body mass relative to their heights to manage 

balance deficits, encourage physical activity without fear of fall, minimize bone resorption due to disuse, and reduce fracture risk. 
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