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BONE MINERAL DENSITY AND ITS ASSOCIATED FACTORS   

IN VIETNAMESE WOMEN OVER 40 YEARS OF AGE:  

A DESCRIPTIVE CROSS-SECTIONAL STUDY 

1. INTRODUCTION 

Osteoporosis is an insidious disease which has represented as an enormous social and economic burden worldwide 

because of its mortality, disability and exorbitant health-care costs for osteoporotic fractures. 

 

In terms of bone fractures, about half of women die within 7 years as compared to 5 years in men. For patients 

who are fortunate enough to survive, they also have to undergo a variety of complications leading to a significant 

reduction in 

their quality of lives. Osteoporotic fractures bring out not only serious consequences but also pricey and long-term 

treatment costs. In 2015, total direct medical costs for fatal and non-fatal fall injuries were $637.5 million and 

$31.3 billion, respectively. By 2025, the cost of fractures in the United States is expected to exceed $25 billion 

each year in order to deal with more than three million predicted fractures. Effective preventive measures need to 

be taken in order to stop this phenomenon from increasing.  Therefore, our main goal is to manage osteoporosis 

and its associated consequences so as to not only enhance the quality of life but also reduce the economic burden 

on the health care system by decreasing medical visits, hospitalizations, and nursing home admission. [1] 

In 2001, the definition of osteoporosis was introduced by the National Institutes of Health (NIH): 

“Osteoporosis is defined as a skeletal disorder characterized by compromised bone strength predisposing a person 

to an increased risk of fracture” and the definition is still valid and widely accepted up until now [2] [3]. Bone 

strength can be estimated by BMD, which is measured by Dual Energy X-ray Absorptiometry (DEXA) test. This 

method has always been considered as one of the most precise and effective tests to measure BMD at clinically 

relevant skeletal sites due to its high sensitivity (98%) and specificity (93%) with minimal measurement error [4]. 

In addition, World Health Organization (WHO) has officially accepted the use of bone mineral density to diagnose 

osteoporosis in clinical settings [5] and large-scale epidemiological studies have also demonstrated that low BMD 

is the most essential risk factor for bone fractures [6]. Although estimation of BMD can be taken at many skeletal 

sites to predict overall fracture risk, lumbar spine and femoral neck are highly suggested for some particular 

reasons. Since femoral neck fracture always has a high prevalence and is often associated with significant 

morbidity and mortality in clinical settings, DXA of the femoral neck is generally regarded as the best site for the 

diagnosis of osteoporosis. On the other hand, the lumbar spine is more helpful when it comes to screening and 

treatment. The greatest BMD loss in early menopause is usually seen at the spine in which the respond to 

osteoporotic therapy is also firstly detected [7]. On top of that, severe lumbar spine and femoral neck fractures 

could even be fatal in some cases [8]. Specifically, a Vietnamese study reported that a majority of women aged 

over 40 starts to suffer from osteoporosis, which could be well-explained by the onset of their menopause starting 

from the age of 40 [9]. There have been many studies in Vietnam on subjects having diseases that affect their 

BMD such as the elderly or menopausal women. However, in the Mekong Delta in general and Can Tho city in 

particular, little is known about BMD values in healthy women over 40 years old due to a scarcity of qualified 

studies in this area.  

With all being written, this study was conducted to evaluate the mean BMD at the lumbar spine (LS) and the 

femoral neck (FN) as well as the correlation between BMD and its associated factors in women over 40 years old. 

We believe that a better understanding of BMD and its relative factors on this subject would act as a solid platform 

to provide a more reasonable approach and beneficial impact on osteoporotic outcomes. 

2. MATERIALS AND METHOD  

Study design 

A prospective cross-sectional research was performed in Can Tho University of Medicine and Pharmacy Hospital 

from June 2022 to May 2023. 

 

Study population 

The study group included 168 healthy women aged over 40 years having annual health checkup at the study 

hospital. We excluded patients suffering from disease that affect the BMD such as lumbar spine fracture, femoral 

neck fracture, chronic renal failure, liver failure, multiple myeloma, hyperthyroidism, hyperparathyroidism, 

diabetes, Cushing's syndrome, malabsorption syndrome, and  metastatic cancer; patients who use drugs that can 

affect BMD such as corticosteroids, heparin, antiepileptic drugs; patients whose osteoporosis are being treated; 

patients undergoing acute diseases, loss of consciousness, coma, prolonged immobilization, having uterine and 

ovarian removal, pregnancy; patients who do not agree to participate in the study. All patients with inclusion and 

without exclusion criteria were eligible to enroll in this cross-sectional research.   

 

Measurement and variables 



 

BMD at the lumbar spine, BMD at the right femoral neck, BMD at the left femoral neck and the mean BMD at 

the femoral neck including the left and right ones were measured by DEXA method with PRODIGY / DPX HV-

P8 (GE-US) at Department of Functional Diagnosis in Can Tho University of Medicine and Pharmacy Hospital. 

The final result was calculated as the average of the indices in the measurement area.  

We evaluated the bone mineral density according to some demographic and anthropometric characteristics. In 

terms of demographic characteristics, we divided them into some groups and subgroups: age (41-50 years, 51-60 

years, 61-70 years and >70 years old), occupation (farmers, housewives, sellers, office workers and others), place 

of residence (rural and urban), levels of education (illiterate, primary, secondary, high school, and upper secondary 

education). (Table 1). There are several groups and subgroups in anthropometric aspects including height (<150cm 

and ≥150cm), weight (<50kg and ≥50kg), BMI (underweight-BMI<18.5kg/m2, normal weight-BMI=18.5-

22.9kg/m2 and overweight-obese-BMI≥23kg/m2) (Table 2). In addition, we also analyzed the correlation between 

mean BMD at the lumbar spine and at the femoral neck and some factors including age, height (cm), weight (kg), 

BMI (kg/m2), time elapsed since menopause (TESM) and number of giving births. 

 

Statistical Analysis 

Data were entered and analyzed using version 18.0 of the SPSS statistical program. Qualitative variables were 

presented in the form of frequency and percentage while for quantitative variables were mean ± standard deviation. 

We evaluated the relationship between quantitative and qualitative variables by Independent Samples T-Test 

(average comparison between 2 groups) and One-way ANOVA (average comparison of more than 2 groups). The 

correlation among quantitative variables was analyzed by simple linear regression and described by dot chart. The 

correlation level was determined by the correlation coefficient (r symbol). All differences were considered 

statistically significant when P-values <0.05 with 95% confidence interval. 

4. RESULTS  

The mean BMD at the lumbar spine was 0.92 ± 0.2 g/cm2 and the mean BMD at the femoral neck was 0.84 ± 0.15 

g/cm2 (Table 3). 

Mean BMD in all sites decreased gradually by age group, which was highest in the 41-50 age group and lowest in 

the age group of over 70 years. The difference was statistically significant (p <0.001). The difference in BMD by 

occupation, place of residence and levels of education were statistically significant (p <0.05) (Table 3). BMD in 

the group whose height was less than 150cm and weight was under 50kg were lower than that of the other groups 

with statistical significance (p<0.05). BMD increased with BMI and the difference was statistically significant (p 

<0.001). (Table 4). 

Age, TESM and number of giving birth were negatively correlated with mean BMD at the lumbar spine and the 

femoral neck with moderate, moderate-weak and weak level, respectively. There would be a decrease of 0.011 

g/cm2 and 0.008 g/cm2 in BMD at the lumbar spine and the femoral neck respectively with the increase in one year 

of age. Similarly, every 1 year after menopause corresponded to the decrease of 0.008 g/cm2 in the lumbar spine 

and 0.007 g/cm2 in the femoral neck while the reduction after each parturition will be 0.028 g/cm2 and 0.015 g/cm2. 

Age accounted for about 37.1% and 31.5% of changes in BMD at the lumbar spine and the femoral neck 

respectively which was highest among the negatively correlated groups. (Figure A, B, I, J, K, L).  

Height, weight and BMI all had a positive correlation in the weak level with BMD at the lumbar spine and the 

femoral neck. Each 1cm increased in height corresponded to the increase of 0.014 g/cm2 and 0.011 g/cm2 at the 

lumbar spine and the femoral neck respectively while each 1cm increased in weight corresponded to the increase 

of 0.01 g/cm2 and 0.007 g/cm2 and that of each 1kg/m2 increased in BMI are 0.02 g/cm2 and 0.013 g/cm2.  

Weight accounted for about 18.9% and 17.1% of changes in BMD at the lumbar spine and the femoral neck 

respectively which was also highest among the positively correlated groups. (Figure C, D, E, F, G, H). 
 

5. DISCUSSION 

In our study, the mean BMD at the lumbar spine and femoral neck which were rather high had a significant 
correlation with age, TESM, number of giving birth, height, weight and BMI. Especially, age and weight 
contributed to a large amount of BMD changes. Therefore, those two risk factors might need to be monitored 
carefully in clinical settings so as to prevent osteoporotic fractures. 

The mean BMD at the lumbar spine and the femoral neck were 0.92±0.2g/cm2 and 0.84±0.15g/cm2, respectively. 
The results of our research differed from Margaret L. Gourlay et al. (2014) in 109 menopausal women aged 50-64 
years, showing BMD at the lumbar spine was 1.012± 0.141 g/cm2 (p<0.001) and BMD at the femoral neck was 
0.771±0.135g/cm2 (p<0.05) [10]. This difference could be explained by the extended age range in our research 
including both menopausal and non-menopausal women who were over 40 years old. Moreover, the mean BMD 
values at the femoral neck and lumbar spine in Vietnamese women were lower than that of subjects in other 
continents [11][12]. Among Asian subjects, the BMD values in our study were higher than Indian and Korean [13] 
subjects for all measured sites but the values in the lumbar spine were slightly lower when compared to Iranian 
subjects [14]. All the discrepancy above could be due to the differences in ethnicity, diet, lifestyle, and different 
body size among countries. 



It was recorded by our study that BMD had a significant positive correlation with height, weight, BMI and 
significant negative correlation with age, TESM and time of giving birth, which had shown the importance of 
socio-demographic factors and body measurement data. According to Ranu Patni (2010), among healthy Indian 
females: BMD increased gradually in the age of 30-39, stabilized from the age of 40-49, then gradually decreased 
after 50 years old and dropped most significantly after 60 years of age. Therefore, BMD would gradually decrease 
when the age was higher and our research recorded similar results: BMD in both the lumbar spine and the femoral 
neck positions decreased gradually by age group 41-50, 51-60, 61-70 and over 70 years old (p <0.001) [13]. The 
results of our study recorded that women with higher height had higher BMD (p<0.05). According to Rana EL 
Bikaia (2015), BMD was significantly related to height (p<0.001) and the lower the height was, the lower the 
BMD was [15]. Our study also pointed out that women with higher weight also had higher BMD (p<0.001). 
Similarly, Margaret L. Gourlay (2014) also noted that the higher the women’s weight was, the higher the BMD 
was (p<0.001) [16]  Our research results showed that BMD increased gradually corresponding to BMI group and 
the difference was statistically significant (p<0.001). Similarly, Nyaradzo M. Mgodi's study found that low BMD 
was associated with low BMI (p<0.001) [17]. Meanwhile, Compston (2013) also identified below 19kg/m2 BMI 
as a crucial risk factor for low BMD and osteoporotic fracture [18]. As can be seen, age and weight took up a large 
amount of BMD changes. Therefore, those two risk factors might need to be put concern on. Another research 
performed in India also pinpointed that age and height were high-risk factors of osteoporosis. This study also 
reported that the risk of osteoporosis in postmenopausal women was double [18]. With the understanding that 
BMD had a negative correlation with TESM and number of giving birth, elder women who already underwent 
menopause and gave birth several times need to be prioritized when it comes to osteoporosis screening. Another 
study from A. Faisal-Curry among women older than 49 years in Brazil recorded that BMI was directedly related 
to BMD. Moreover, it also stated that reproductive and anthropometric variables outweighed the lifestyle-related 
risk factors [19]. According to our research, BMD at the lumbar spine was lowest in the farmer group and the next 
was the housewife group (p <0.001), whereas the BMD at the femoral neck was lowest in the housewife group 
and the next was the farmer group (p <0.05). The BMD was highest in the group of office workers. AlJohara's 
study M AlQuaiz et al. (2014) reported that in the group of women over 40 years of age with low BMD, up to 90% 
were housewives (OR = 2.96, 95% CI = 2.06-33.08) [20]. This difference might be due to the different labor 
structures between countries. The results of our study showed that BMD of urban women was higher than that of 
women living in rural areas (p<0.05). Similarly, Wenjia Gu and colleagues (2007) recorded that BMD in urban 
women was significantly higher than that of rural women (p<0.001) [21]. This could be explained by the higher 
quality of life in urban areas. Our research showed that BMD was lowest among the illiterate women, followed by 
the group with primary education level and the highest level was an upper secondary school (p<0.05). Similarly, 
AlJohara M AlQuaiz et al (2014) noted that the group of women over 40 years of age with lower education levels 
consisting of primary education and illiterate accounted for the highest proportion. In particular, illiteracy, primary, 
secondary and tertiary education were 29.2%, 42%, 18.9% and 9.9%, respectively (OR = 2.13; 2.68; 2.27 and 
1.00) [20]. The reason for this similarity is that both studies had a large enough sample size to investigate and used 
the same research subjects as well as DEXA method measured at the position of the lumbar spine and femoral 
neck. Since then, low levels of education and health care awareness had been found to be a precursor for lower 
rates of BMD and a higher risk of osteoporosis. Therefore, in the work of prophylaxis, promoting awareness, 
especially for women, has been playing an indispensable role. 

The strengths of our study are that it is one of the first studies of reference values for BMD of the lumbar vertebral 
and femur area and its relative factors in the healthy Vietnamese female population. Furthermore, based on the 
WHO recommendations, the appropriately selected age group and the reasonably associated factors were in good 
agreement with data on the prevalence of fracture in Vietnam. Lastly, our study used the results from the DEXA 
method which is known to be precise and widely used in Vietnam and all around the world due to its high 
sensitivity and specificity as compared to other techniques. However, our study still had some limitations. Firstly, 
the cross-sectional data can only showcase an approximation of actual mean BMD varies through the period. By 
measuring the BMD in both two popular and clinically important sites – lumbar spine and femoral neck, we 
expected to be able to showcase a more accurate BMD status of the subjects. Secondly, the study subjects were 
not randomly sampled from all geographic regions in Vietnam. All of the women in our study are from one region 
in Vietnam only – Mekong Delta, which can not ensure the representativeness of the reference data and reduce the 
effects of potential biases that could adjust the estimates. In term of this, we established a pure clear inclusion and 
exclusion criteria as well as extended size of samples up to 168 subjects in order to enhance the representativeness 
of our reference data. However, we should have conducted a detailed questionnaire to access the food intake of 
the participants, especially their calcium and vitamin D intake, which can have a significant impact on the BMD 
values. Consequently, this issue should be considered when doing further studies about BMD. Thirdly, because of 
the cross-sectional design and limited numbers of subjects in each subgroup, we could not accurately evaluate the 
association between changes in BMD and its relative factors. Therefore, further large-scale research should be 
conducted to enhance the accuracy of BMD values and thoroughly investigate the relationship between 
osteoporosis and its relative risks as determined in our study. Finally, all the factors analyzed in our study were 
not modifiable, which was not ideal for the work of prophylaxis. Thus, there is an urgent need for conducting 
further research to investigate the correlation between BMD and modifiable factors in those women such as 
lifestyle, tobacco and alcohol consumption or hormone replacement therapy using. Further longitudinal studies are 
also suggested to thoroughly evaluate the use of BMD as a marker for fracture risks. 

CONCLUSION 



The mean BMD at the lumbar spine and the femoral neck, which had a negative correlation with age, TESM, 

number of giving births and positive correlation with height, weight and BMI (p<0.05), were rather high as 

compared to other populations. The data presented in our study has substantially added in quantity and quality, 

to the qualified dataset of BMD in order to provide physicians with the valuable reference standards for the 

management of osteoporosis in Vietnam. This study also highlighted the importance of education, health care 

awareness and nutrition in long-term prophylaxis. Moreover, the database is expected to act as a precursor to 

enhance the accuracy of osteoporotic fractures predicting tools such as FRAX® and Gravan for this population. 

With this result, we optimistically expect to be able to turn healthy women over 40 years of age in Mekong Delta 

into beneficiaries for our national systematic osteoporosis tracking program.  

 
CONFLICT OF INTEREST 

The authors have no conflicts of interest to disclose. 

 
ACKNOWLEDGEMENTS 

We gratefully appreciate all the participating patients. This publication was supported by the Hospital of Can Tho 

University of Medicine and Pharmacy as well as the Functional Diagnosis Department.  

 
REFERENCES 

[1] Burns ER, Stevens JA, and Lee R. The direct costs of fatal and non-fatal falls among older adults — 

United States. J. Safety Res 2016; 58: 99–103. 

[2] “NIH Consensus Development Panel on Osteoporosis Prevention, Diagnosis, and Therapy, March 7-29, 

2000: highlights of the conference.,” South. Med. J., vol. 94, no. 6, pp. 569–73, Jun. 2001. 

[3] Lorentzon M, Cummings SR. Osteoporosis: the evolution of a diagnosis. J. Intern. Med. 2015; 277(6): 

650–61. 

[4] Cadarette SM, Jaglal SB, Raman-Wilms L, Beaton DE, Paterson JM. Osteoporosis quality indicators 

using healthcare utilization data. Osteoporos. Int. 2011; 22(5): 1335–42. 

[5] W. H. O. S. Group. Prevention and Management of osteoporosis: Report of a WHO Scientific Group. 

2003. 

[6] WHO scientific group on the assessment of osteoporosis at primary health care level. Summary Meeting 

Report 2004. 

[7] Cadarette SM, Jaglal SB, Raman-Wilms L, Beaton DE,  Paterson JM. Screening for osteoporosis - 

UpToDate,” Osteoporosis international : a journal established as result of cooperation between the European 

Foundation for Osteoporosis and the National Osteoporosis Foundation of the USA, May-2011. [Online]. 

Available: http://www.ncbi.nlm.nih.gov/pubmed/20577872. [Accessed: 28-Oct-2019]. 

[8] Bliuc D, Nguyen ND, Alarkawi D, Nguyen TV, Eisman JA, and Center JR. Accelerated bone loss and 

increased post-fracture mortality in elderly women and men. Osteoporos. Int. 2009; 26(4): 1331–9. 

[9] Nguyen HTT et al. Peak bone mineral density in Vietnamese women. Arch. Osteoporos. 2009; 4(1–2): 

9–15. 

[10] Gourlay ML, Hammett-Stabler CA, Renner JB,  Rubin JE. Associations between Body Composition, 

Hormonal and Lifestyle Factors, Bone Turnover, and BMD. J. Bone Metab. 2014; 21(1): 61. 

[11] Looker AC, Melton LJ, Borrud LG, Shepherd JA. Lumbar spine bone mineral density in US adults: 

demographic patterns and relationship with femur neck skeletal status. Osteoporos. Int. 2012; 23(4): 1351–60. 

[12] Mazess RB and Barden H. Bone density of the spine and femur in adult white females. Calcif Tissue Int. 

1999; 65(2): 91–9. 

[13] Patni R. Normal BMD values for Indian females aged 20-80 years. J Midlife Health 2010; 1(2): 70. 

[14] Omrani GR et al. Bone mineral density in the normal Iranian population: A comparison with American 

reference data. Arch. Osteoporos. 2006; 1(1–2): 29–35. 

[15] El-Bikai R et al. Association of age-dependent height and bone mineral density decline with increased 

arterial stiffness and rate of fractures in hypertensive individuals. J. Hypertens 2015; 33(4): 727–35.  

[16] Gourlay ML, Hammett-Stabler CA, Renner JB, and Rubin JE. Associations between Body Composition, 

Hormonal and Lifestyle Factors, Bone Turnover, and BMD. J Bone Metab. 2014; 21(1): 61–8. 

[17] Mgodi NM et al. Factors associated with bone mineral density in healthy African women. Arch. 

Osteoporos. 2015; 10: 206. 

[18] Compston J et al. Diagnosis and management of osteoporosis in postmenopausal women and older men 

in the UK: National Osteoporosis Guideline Group (NOGG) update 2013. Maturitas; 75(4): 392–6. 

[19] Osteoporosis: prevalence and risk factors among > 49 year-old women in private practice environment. 

[Online]. Available: http://www.scielo.br/scielo.php?pid=S1413-

78522007000300005&script=sci_arttext&tlng=en. [Accessed: 28-Oct-2019]. 

[20] Alquaiz MA et al. Prevalence and factors associated with low bone mineral density in Saudi women: A 

community based survey. BMC Musculoskelet Disord. 2014; 15:5. 



[21] Gu W, Rennie KL, Lin X, Wang Y, and Yu Z. Differences in bone mineral status between urban and rural 

Chinese men and women. Bone 2007; 41(3): 393–9. 

 


