
O R I G I N A L  R E S E A R C H

Evolution of Low Bone Mineral Density Impact 
on Older Adults in the Western Pacific:  
Socio-Demographic and Health Workforce 
Perspectives (1990–2021)
Chuanqiang Dai1, Nan Wang1, Youshu Zhang1, Guifang Wu2, Yao Zhang1, Yao Dong1

1Department of Orthopedics, Ziyang Central Hospital, Ziyang, Sichuan, 641300, People’s Republic of China; 2Department of Nursing, Ziyang Central 
Hospital, Ziyang, Sichuan, 641300, People’s Republic of China

Correspondence: Chuanqiang Dai, Email daiqq159sc@163.com

Background: The Western Pacific Region is experiencing accelerated population aging, and diseases related to Low Bone Mineral 
Density (LBMD) have become a major public health challenge for the elderly population. Therefore, this study aims to assess the 
trends in the diseases burden of LBMD among the population aged 60 and above in the Western Pacific Region from 1990 to 2021, as 
well as its relationship with the human resources for health (HRH).
Methods: Disability-Adjusted Life Years (DALYs) and deaths data from Global Burden of Disease Study (GBD) 2021 and HRH data 
from GBD 2019 were used. The trends in the burden were evaluated through percentage changes and the Estimated Annual Percentage 
Change. Decomposition analysis was employed to assess the contributing factors of the burden. The Spearman rank correlation 
coefficient was used to quantify the correlations between the burden indicators, the Socio-demographic Index (SDI), and HRH.
Results: From 1990 to 2021, the diseases burden of LBMD increased in most countries and regions in the Western Pacific Region. 
From the perspective of gender stratification, the disease burden of females is generally higher than that of males. From the perspective 
of age stratification, the age-standardized rates of DALYs and deaths both increase with increasing age. There is a statistically 
significant negative correlation between deaths and SDI (p<0.05). More importantly, there has been a statistically significant negative 
correlation between deaths and Nursing and Midwifery from 1990 to 2021 (p<0.05).
Conclusion: The disease burden of LBMD in the Western Pacific Region remains a major public health issue. Strengthening the 
construction of HRH is conducive to reducing the burden related to LBMD.

Plain Language Summary: Due to accelerated aging, low bone mineral density (LBMD) is a growing public health challenge in the 
Western Pacific. This study (1990–2021) found rising LBMD burden, especially in China and among women, correlating with 
healthcare workforce shortages. Strengthening nursing/midwifery resources could help mitigate this burden, supporting healthier 
aging. 

Keywords: low bone mineral density, human resources for health, Western Pacific Region, aging, Global Burden of Disease Study 
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Introduction
Low Bone Mineral Density (LBMD), which includes low bone mass and osteoporosis, is a condition characterized by 
a reduction in bone mass caused by increased bone resorption, weakened bone formation, or both.1 LBMD is defined as 
a risk factor that may lead to various fracture outcomes, such as hip and vertebral fractures.2 The World Health 
Organization defines osteopenia as a BMD T-score between −1.0 and −2.5, and osteoporosis as a T-score of ≤ −2.5, 
based on the standard deviation score of BMD related to peak bone mass in healthy young people.3 Studies have shown 
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that for every one standard deviation decrease in femoral neck BMD, the risk of fracture increases by two to threetimes,4 

and this may subsequently be accompanied by severe long-term consequences. Hip fractures are associated with 
a mortality rate of approximately 20% within one year after injury, and survivors may have potential sequelae such as 
chronic pain, impaired function, and loss of independence.5 It is estimated that the global prevalence of osteopenia and 
osteoporosis is 40.40% and 19.75% respectively.6 The number of global deaths and Disability-Adjusted Life Years 
(DALYs) caused by LBMD reaches 463,010 and 16.6 million respectively, affecting more than 200 million people 
worldwide, and these figures are expected to continue to grow in the future.7,8 On the other hand, osteoporosis is an age- 
related disease. Aging causes an imbalance in bone remodeling and bone loss,9 which means that the aging of population 
and the extension of life expectancy are also exacerbating the burden imposed by LBMD. Therefore, it is essential to 
understand the current epidemiological patterns and burden, which will help to alleviate the disease burden related to 
LBMD.

With the acceleration of the population aging in the Western Pacific Region, this region is experiencing a remarkable 
transformation in its population structure. Currently, more than 260 million elderly people aged 65 and above live in this 
region, and this number is expected to continue to increase.10 Aging not only brings about changes in lifestyle and health 
needs but also significantly increases the burden of age-related chronic diseases.11 As a disease closely related to age, 
LBMD has an incidence that increases significantly with age. Especially among the elderly population, the risk of 
fractures and the resulting disability burden are more severe.8,12 On the other hand, with the acceleration of population 
aging in the Western Pacific Region, the health needs of the elderly population are growing increasingly, which poses 
higher requirements for the healthcare systems and human resources for health (HRH). HRH are crucial for universal 
health coverage. Health workers play important roles in disease prevention, screening, diagnosis, and treatment, as well 
as the health management of the elderly.13 Therefore, an in-depth exploration of the impact of LBMD on the health of the 
aging population in the Western Pacific Region, and a study of the relationship between HRH and the disease burden 
related to LBMD, are of great significance for reducing the disease burden of this group and formulating effective public 
health policies and intervention measures.

Although existing studies have examined the trends in the LBMD-related burden among the elderly population 
globally and in some regions,12,14 there are still significant gaps in our understanding of the disease burden attributable to 
LBMD in the Western Pacific Region. In particular, the association between HRH and the LBMD burden has not been 
fully explored. Therefore, based on the Global Burden of Disease database, this study conducts a comprehensive and up- 
to-date assessment of the disease burden attributable to LBMD among the aging population aged 60 and above in the 
Western Pacific Region from 1990 to 2021. It also focused on analyzing the correlation between this burden and HRH, 
aiming to fill the gap in this area and provide a scientific basis for formulating targeted public health policies and 
interventions in the region.

Materials and Methods
Data Sources
This study utilized data from the Global Burden of Disease Study 2021 (GBD 2021) database, a comprehensive health 
database maintained by the Institute for Health Metrics and Evaluation. GBD 2021 is internationally recognized for its 
rigorous, peer-reviewed methodology and provides standardized estimates across a broad spectrum of health outcomes, 
with coverage of 204 countries and territories, 811 subnational locations, 371 diseases and injuries, and 88 modifiable 
risk factors over the time period 1990–2021. To address the study’s research objectives, we systematically selected 
parameters from the GBD 2021 database across three core dimensions: Risk factor under GBD Estimate; DALYs and 
deaths under Measure; number and rate under Metric. Number represents the absolute count of DALYs and deaths in the 
population, while rate denotes the corresponding DALYs and deaths per 100,000 population. LBMD was chosen as the 
risk factor, and all-cause was selected under Cause. The population of interest was adults aged 60 years and above. The 
study focused on 31 countries or territories in the Western Pacific region, spanning from 1990 to 2021.2,15–17 HRH data 
were obtained from the GBD 2019 Health Workforce Collaborators, covering the period from 1990 to 2019. The dataset 
included 22 categories of health workers, with density values representing workers per 10,000 population.13 Since the 
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information provided by the database does not involve specific patient data, our team has obtained approval for 
exemption from ethical review from the Institutional Ethics Committee of Ziyang Central Hospital.

Disease and Risk Factor Definitions
According to the GBD 2021 framework, diseases and injuries are categorized into four main levels. Liver cancer is 
classified under the second level of neoplasms within the first level of non-communicable diseases. Low bone mineral 
density was defined with a theoretical minimum risk exposure level range of 1–1.3 g/cm2 in GBD 2021.15,16

Statistical Analysis
Estimated Annual Percentage Change (EAPC) Model: To depict long-term trends in the age-standardized rates (ASR) of 
disease burden, we calculated the EAPC by fitting a simple linear regression model of the natural logarithm of ASR 
against year. The slope of the regression line represents the EAPC, indicating the annual percentage change. The EAPC 
and its 95% confidence interval were derived from the regression coefficient and its standard error.

Decomposition Analysis: To investigate factors contributing to global disparities in disease burden, we employed 
decomposition analysis. This method allows for the disaggregation of overall health differences into contributions from 
various factors, such as population growth, population aging, and epidemiological changes.

Socio-demographic Index (SDI) Analysis: The SDI, developed by GBD researchers, is a composite indicator of 
development status closely related to health outcomes. We applied LOESS smoothing to visualize trends and conducted 
Spearman correlation tests to quantify the relationship between SDI and disease burden indicators.

HRH Correlation Analysis: LOESS smoothing was applied to visualize trends, and Spearman correlation tests were 
performed to quantify the relationship between HRH and disease burden indicators.

Results
The Disease Burden Related to LBMD Among the Population Aged 60 and Above in 
the Western Pacific Region
In 2021, among the 31 countries and regions in the Western Pacific region, due to China’s large population base, the numbers 
of DALYs and deaths related to LBMD among the population aged 60 and above were the highest. From 1990 to 2021, the 
countries and regions with the largest percentage increases in the numbers of DALYs and deaths were the Northern Mariana 
Islands and Australia, reaching 285.11% and 344.82% respectively. It is also worth noting that the numbers of DALYs and 
deaths in Niue decreased compared to 1990. In 2021, the country with the highest age-standardized DALYs rate (ASDR) and 
age-standardized mortality rate (ASMR) was Cambodia. From 1990 to 2021, the ASDR and ASMR in 21 countries and 
regions decreased. The region with the largest decreases in ASDR and ASMR was Guam, and it also had the most significant 
downward trend. The EAPC values were −1.89 (95% CI: −2.86, −0.92) and −3.89 (95% CI: −5.1, −2.68) respectively. The 
countries and regions with the largest percentage increases were the Solomon Islands and Australia, and the countries and 
regions with the most significant upward trends were Kiribati and Australia. The EAPC values reached 1.16 (95% CI: 0.41, 
1.9) and 2.06 (95% CI: 1.78 to 2.33) respectively (Figure 1, Tables S1 and S2).

In 2021, from the perspective of gender stratification, the disease burden related to LBMD among women in the 
Western Pacific region was generally higher than that among men. Specifically, the numbers of DALYs in 28 countries 
and regions and the numbers of deaths in 22 countries and regions were higher for females than for males. The ASDRs in 
25 countries and regions and the ASMRs in 19 countries and regions were also higher for females than for males. From 
1990 to 2021, both in terms of the percentage change in numbers and the trend reflected by the EAPC values, the burden 
on women was heavier than that on men (Figure 2, Tables S1 and S2).

The Age-Specific Burden Related to LBMD Among the Population Aged 60 and Above 
in the Western Pacific Region
In 2021, the ASDRs and ASMRs in all countries and regions of the Western Pacific increased with the rise of age (Tables 
S3 and S4). From 1990 to 2021, the percentage changes in numbers, the percentage changes in ASDR, and the estimated 
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EAPC values in the burden of LBMD in most countries and regions increased with the rise of age. Only in a few regions 
did the percentage change of ASMR increase with the rise of age. However, overall, the values of the percentage changes 
in the higher age groups were higher (Figure 3, Tables S3 and S4).

Decomposition Analysis of the Disease Burden Related to LBMD Among the 
Population Aged 60 and Above in the Western Pacific Region
From 1990 to 2021, except for Niue, the disease burden related to LBMD in other countries and regions increased 
(Figure 4). Especially in China, as the most populous country, the burden growth was particularly prominent, followed by 
Japan and VietNam. According to the decomposition analysis, this growth was mainly driven by the population, followed 
by aging, while the epidemiological change mainly made a negative contribution (Table S5).

The Correlation Between the LBMD Burden of the Population Aged 60 and Above 
and the SDI in the Western Pacific Region
There was almost no correlation between the SDI and the ASDR in 1990, 2019, and 2021. However, Spearman’s 
R changed from positive to negative (Figure 5A–C). In 1990, there was a weak negative correlation between the SDI and 
the ASMR, but there was no significant difference. By 2019 and 2021, the negative correlation between the SDI and the 
ASMR was still weak, but it gradually strengthened compared with that in 1990, and there was a significant difference 
(p<0.05) (Figure 5D–F).

The Correlation Between the HRH and the LBMD Burden of the Population Aged 60 
and Above in the Western Pacific Region
There was only a weak positive correlation between the DALYs and environmental health officers in 2019, and there was 
almost no correlation between DALYs and other health workers. Except for the relationships between Nursing and 

Figure 1 Temporal trends in age-standardized rates of DALYs and mortality associated with low bone mineral density in the Western Pacific region, 1990–2021, for the 
combined population aged 60 years and older. (A) Progression of age-standardized DALY rates from 1990 to 2021. (B) Progression of age-standardized mortality rates from 
1990 to 2021.
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Midwifery and radiographers in 2019, the correlation coefficients between DALYs and most health workers were positive 
(Figure 6A and C). Similar to DALYs, there was almost no correlation between the number of deaths and most health 
workers. Except for environmental health officers, the correlation coefficients between the number of deaths and most 
health workers were negative. In 2019, radiographers also exhibited a significant positive correlation with the number of 
deaths (p<0.05). Data from both 1990 and 2019 show a significant positive correlation between Nursing and Midwifery 
and the number of deaths (p<0.05) (Figure 6B and D).

Figure 2 Comparative analysis of changes in burden metrics for low bone mineral density in the Western Pacific region, 1990–2021, stratified by sex for individuals aged 60 
years and above. (A) DALYs: Percentage change in numbers, percentage change in age-standardized rates, and EAPC in age-standardized DALY rates. (B) Mortality: 
Percentage change in numbers, percentage change in age-standardized rates, and EAPC in age-standardized mortality rates.
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Discussion
This study systematically assessed the burden of diseases attributable to LBMD among individuals aged 60 and above in 
the Western Pacific Region from 1990 to 2021, and the potential relationship between disease burden and HRH from 
1990 to 2019. The results indicate that from 1990 to 2021, the LBMD-related disease burden in the elderly population of 
the Western Pacific Region increased significantly, mainly driven by population growth. In most countries and regions, 

Figure 3 Age-specific burden analysis of low bone mineral density in the Western Pacific region, 1990–2021, for the combined sexes aged 60 years and older, presented in 
5-year age intervals. (A) DALYs: Percentage change in numbers, percentage change in age-standardized rates, and EAPC in age-standardized DALY rates. (B) Mortality: 
Percentage change in numbers, percentage change in age-standardized rates, and EAPC in age-standardized mortality rates.
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both the ASDR and ASMR declined. In terms of age stratification, both ASDR and ASMR increased with age. Gender- 
wise, the LBMD burden was generally higher in women than in men. Socioeconomically, there was almost no correlation 
between the SDI and ASDR, but a weak negative correlation was observed between SDI and ASMR. Furthermore, both 
in 1990 and 2019, there was a negative correlation between Nursing and Midwifery and deaths, suggesting that they may 
have played a significant role in reducing the LBMD-related burden.

From 1990 to 2021, the burden of LBMD-related diseases increased in most countries and regions of the Western 
Pacific, while both ASDR and ASMR generally declined. The increase in absolute burden was primarily driven by 
population growth, while the decline in ASDR and ASMR may reflect improvements in global LBMD-related treatment 
and management.18,19 Niue showed the only decrease in burden, which may be related to the migration of the local 
population to New Zealand and Australia in recent decades, and the smaller population size in Niue makes the data more 
prone to fluctuations.20,21 It is worth noting the burden increase caused by population aging. Evidence has shown that age 
is a risk factor for osteoporosis 6. Consistent with other studies,14 both ASDR and ASMR increased with age. 
Additionally, our results show that in most countries and regions, the percentage change in DALYs and deaths, as 
well as the EAPC, increased with age, reflecting the growing LBMD-related disease burden and the higher disease risk in 
older populations. This may be related to frailty in the elderly, the presence of various chronic diseases, and increased 

Figure 4 Decomposition of factors influencing changes in age-standardized DALY and mortality rates due to low bone mineral density in the Western Pacific region, 
1990–2021, for the combined population aged 60 years and older.
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fracture susceptibility due to LBMD.22–24 Elderly fractures often result in severe clinical outcomes, including disability 
and death.5 These findings highlight the need for greater investment in the health of older populations and stronger public 
health policies, particularly early screening and interventions for osteoporosis, which may help slow this trend. In 
addition to population growth and aging, widespread non-communicable disease risk factors may have further exacer
bated the disease burden, such as physical inactivity, dietary habits, smoking, alcohol use, and environmental 
pollution.25–27 Controlling these risk factors is also essential for achieving Universal Health Coverage.

Figure 5 Socio-demographic correlates of low bone mineral density burden in the Western Pacific region for the combined population aged 60 years and above. (A–C) 
Relationship between age-standardized DALY rates and SDI in 1990, 2019, and 2021. (D–F) Association between age-standardized mortality rates and SDI in 1990, 2019, 
and 2021.
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Figure 6 HRH correlates of low bone mineral density burden in the Western Pacific region for the combined population aged 60 years and above. (A) Multidimensional 
analysis of age-standardized DALY rates and HRH indicators, 1990 vs 2019. (B) Multidimensional analysis of age-standardized mortality rates and HRH indicators, 1990 vs 
2019. (C) Focused analysis of age-standardized DALY rates and key HRH indicators (Nursing & Midwifery Professionals) in 1990 and 2019, highlighting extreme burden 
countries. (D) Focused analysis of age-standardized mortality rates and key HRH indicators (Nursing & Midwifery Professionals) in 1990 and 2019, highlighting extreme 
burden countries.
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Consistent with previous studies,28 the burden of LBMD is generally higher in women than in men, which is mainly 
caused by estrogen deficiency in women after menopause. After menopause, women experience accelerated bone loss, 
and their bone area is usually smaller than that of men, making them more prone to osteoporotic fractures29,30 

approximately 50% of women experience at least one fracture after menopause.31 However, it is worth noting that 
some studies have pointed out that the disability rate and mortality rate related to osteoporotic fractures in men are higher 
than those in women.32 This means that when formulating relevant public health policies, in addition to fully considering 
the special physiological characteristics and disease susceptibility of women, the health problems it brings to the male 
population should not be ignored. However, osteoporosis often lacks typical symptoms in the early stage, resulting in 
only a small number of patients receiving timely treatment.33 Studies have indicated that an elevated testosterone/ 
estradiol ratio is negatively correlated with decreased bone mineral density and can increase the risk of osteoporotic 
fractures. Incorporating such hormonal indicators into clinical assessments is expected to improve the ability for early 
identification and risk stratification of osteoporotic fractures.34 Although numerous guidelines and studies have focused 
on the screening and treatment of osteoporosis in women, only 7–25% of women who undergo screening are recom
mended to receive further intervention.31 This reflects a potential mismatch between actual medical resources and the 
prevention and treatment needs of LBMD-related diseases in women, particularly in low- and middle-income countries.13 

The negative correlation between the SDI index and ASDR as well as ASMR confirms the shortage of medical resources 
in low-income countries. High-income countries and regions typically have more sufficient medical resources and health 
security;13 especially with national development and the improvement of healthcare systems, issues such as fractures and 
osteoporosis among the elderly population have been better controlled through disease prevention, early diagnosis, and 
effective treatment.

Over the past few decades, the HRH in the Western Pacific Region has seen a slight improvement, but it remains 
severely insufficient—approximately 54.8% of countries and regions in this region still fail to meet the HRH needs for 
universal health coverage.17 From the results of our analysis on the burden of LBMD-related diseases and HRH, there is 
no significant association between the burden of LBMD-related diseases and most HRH. This finding stands in contrast 
to the current situation where this disease has become a major public health challenge for the elderly population in the 
Western Pacific Region, suggesting that a close linkage mechanism has not yet been established between the current 
allocation of HRH in this region and the needs for disease prevention and control. On one hand, LBMD-related diseases 
fall into the category of chronic diseases in the elderly. However, the aggregated data on HRH fails to capture specific 
roles such as “geriatric specialists” and “orthopedic surgeons”, which weakens the direct correlation with the burden of 
LBMD-related diseases. Meanwhile, the Western Pacific Region is in a phase of accelerated population aging, and the 
burden of LBMD-related diseases is strongly correlated with age—the growth rate of HRH may not keep pace with the 
increasing disease burden brought about by aging. Even if the total number of HRH is sufficient, its impact on disease 
management will be greatly reduced if HRH is not effectively allocated to the fields of elderly care and primary 
healthcare. On the other hand, the severe consequences of LBMD (such as fractures) often occur years later. Many health 
systems focus more on acute, event-driven treatments (performing surgery after a fracture occurs) rather than long-term, 
preventive management (early screening, medication, and lifestyle interventions to prevent fractures).35 HRH may be 
allocated more to addressing acute events rather than to prevention, which also explains why the increase in HRH has not 
led to a significant reduction in disease burden.

The HRH and DALYs are mainly in a positive correlation, which may reflect the demand-oriented allocation of 
resources. In particular, countries and regions with a high disease burden will passively increase investment in HRH 
to meet the demand.36 At the same time, this also reflects the improvement of diagnosis and screening capabilities 
from another perspective—when more LBMD patients are diagnosed, the data on DALYs will show a higher 
estimated value. The negative correlation between HRH and deaths directly demonstrates the key role of HRH in 
saving lives and reducing mortality. In particular, the significant negative correlation between Nursing and Midwifery 
personnel and the number of deaths indicates that they are a key force in reducing the mortality rate of LBMD 
patients. Nursing and Midwifery personnel are usually involved in disease prevention, treatment, and health educa
tion; an increase in the number of such personnel may have led to better medical care and reduced disease burden.37 

However, since the core function of Nursing and Midwifery is not geriatric LBMD health management, the 
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statistically significant association between this type of HRH and LBMD mortality burden remains a weak correla
tion. Nevertheless, this correlation has persisted from 1990 to 2021, indicating that it is genuine and long-term stable, 
making it one of the few identifiable potential influencing factors directly related to HRH in the prevention and 
control of LBMD-related deaths. It provides a clear HRH targets for the prevention and control of LBMD mortality, 
avoiding blindness in policy-making. Moreover, studies have pointed out that strengthening the Nursing and 
Midwifery workforce can directly benefit the elderly population, and in particular, enhancing specialized care for 
the elderly helps improve their adverse health outcomes,38 which reflects the value of care-driven outcome 
intervention.

Since 2016, countries around the world have increased their assistance for HRH development, but the availability of 
HRH remains limited and has not yet effectively alleviated the global shortage of health workers; the impact of the 
COVID-19 pandemic has further exacerbated this challenge.39 Although the shortage and allocation issues of HRH have 
existed for a long time, countries have actively responded at different levels. For example, in Healthy China 2030, China 
has proposed to strengthen the cultivation and training of health professionals and improve the medical service system to 
advance universal health coverage.40 In response to changes in medical needs brought about by an aging society, Japan 
has implemented a series of healthcare system reforms, providing valuable experience for other countries in addressing 
similar demographic and epidemiological transitions.41 Overall, to address the shortage and optimize the allocation of 
HRH, it is necessary not only to continuously increase resource investment but also to focus on systematic strategic 
planning and structural optimization, so as to maximize the effectiveness of limited human resources in addressing 
disease burden.

This study also has certain limitations. Firstly, this study is based on the GBD database, and its accuracy 
depends on the data quality of this database. Secondly, this study mainly focuses on macro factors such as 
population aging and HRH. However, during the process of changes in the burden of LBMD, it may also be 
affected by other factors such as socioeconomic conditions, cultural factors, and lifestyle. Thirdly, the data on HRH 
only go up to 2019 and cannot reflect the relationship between HRH and the disease burden after the COVID-19 
pandemic. Lastly, although the relationship between the density of HRH and the disease burden has been explored, 
in reality, both the quantity and quality of HRH are equally important. The lack of quality may lead to an 
underestimation of the actual demand.

Conclusion
In conclusion, this study for the first time reveals the changing trends of the disease burden related to LBMD among the 
aging population aged 60 and above in the Western Pacific Region, as well as its relationship with HRH. From 1990 to 
2021, the burden of LBMD-related diseases among the elderly population in this region increased significantly, which 
also exerts great pressure on the healthcare system. The significant correlations between Nursing and Midwifery and 
disease burden reflect the “potential value of intervention”, providing a clear HRH targets for LBMD management, 
highlighting the importance of HRH in addressing the growing burden of LBMD. Optimizing the allocation of HRH and 
strengthening the development of the health workforce are effective strategies to cope with population aging and the 
burden of LBMD-related diseases.
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