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Abstract

Background: We aimed to document the current state of exposure to low bone mineral 
density (BMD) and trends in attributable burdens between 2000 and 2019 globally and in 
different World Health Organization (WHO) regions using the Global Burden of Disease 
(GBD) study 2019.
Methods: We reviewed the sex-region-specific summary exposure value (SEV) of low BMD 
and the all-ages numbers and age-standardized rates of disability-adjusted life years 
(DALYs), years lived with disability (YLDs), years of life lost (YLLs), and deaths attributed 
to low BMD. We compared different WHO regions (Africa, the Eastern Mediterranean 
Region, Europe, Region of the Americas, Southeast Asia, and Western Pacific), age 
categories, and sexes according to the estimates of the GBD 2019 report.
Results: The global age-standardized SEV of low BMD is estimated to be 20.7% in women 
and 11.3% in men in 2019. Among the WHO regions, Africa had the highest age-
standardized SEV of low BMD in women (28.8% (95% uncertainty interval 22.0–36.3)) and 
men (16.8% (11.5–23.8)). The lowest SEV was observed in Europe in both women (14.7% 
(9.9–21.0)) and men (8.0% (4.3–13.4)). An improving trend in the global rate of DALY, 
death, and YLL was observed during 2000–2019 (−5.7%, −4.7%, and −11.9% change, 
respectively); however, the absolute numbers increased with the highest increase 
observed in global YLD (70.9%) and death numbers (67.6%). Southeast Asia Region had 
the highest age-standardized rates of DALY (303.4 (249.2–357.2)), death (10.6 (8.5–12.3)), 
YLD (133.5 (96.9–177.3)), and YLL (170.0 (139–197.7)).
Conclusions: Overall, the highest-burden attributed to low BMD was observed in the 
Southeast Asia Region. Knowledge of the SEV of low BMD and the attributed burden can 
increase the awareness of healthcare decision-makers to adopt appropriate strategies 
for early screening, and also strategies to prevent falls and fragility fractures and their 
consequent morbidity and mortality.
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Background

Osteoporosis is a degenerative age-related disease 
characterized by reduced bone mass and deteriorated 
bone microstructure and predispose individuals to 
fragility fractures (1). Bone strength is determined 
by its quantity and quality. However, currently, bone 
mineral density (BMD) obtained by dual-energy X-ray 
absorptiometry (DXA) is used as the standard for the 
diagnosis of osteoporosis (2). Low BMD is a risk factor for  
osteoporotic fractures defined as fractures caused 
by low-impact trauma and each standard deviation 
decrease in femoral neck BMD is associated with a two- 
to three-fold increase in the risk of fracture (3) with 
the consequent morbidity and mortality and health 
expenditures (4, 5). Osteoporosis is a silent disease until 
a fragility fracture occurs, sometimes with severe long-
term consequences. For instance, a hip fracture has a 
considerable impact on the abilities, function, quality 
of life, and health expenditures of elderly individuals (6) 
and leads to a significant loss of healthy life years mostly 
due to disability in elderly people (7). Epidemiology and  
burden of osteoporosis are among the main foci of 
highly cited papers in the field of osteoporosis (8). 
The rate of fractures and the consequent burden is  
increasing in parallel to the population aging and  
increase in life expectancy which may affect developing 
countries more than developed ones, making it a  
serious public health issue (9). Therefore, current 
knowledge of the epidemiological pattern and the  
burden is mandatory to decide on strengthening the 
primary prevention measures.

Based on the Global Burden of Disease (GBD) study 
2019 data, recent literature demonstrated that apart 
from North America, the global prevalence of low BMD 
decreased from 1990 to 2019 with higher incidence and 
mortality rates observed in countries with low socio-
demographic index (SDI) (10). Also despite the higher 
prevalence of low BMD in women, men were exposed to 
higher rates of disability-adjusted life year (DALY) and 
mortality, especially in countries with middle-to-high  
SDI (11). The current state of osteoporosis and the 
attributable burden, as well as the recent trend, has not 
been visualized globally according to World Health 
Organization (WHO) regions recently. In this regard, 
we followed the methodology used in the GBD study 
2019 which estimates the incidence and prevalence of  
diseases and injuries, the summary exposure value 
(SEV) of risk factors, and the attributable burden in 
different countries and territories (12, 13). Osteoporosis 

has not been considered a disease in GBD studies; 
therefore, we used low BMD, considered a risk factor in 
these studies as the nearest surrogate and proxy. Since  
health policymaking at the international level is usually 
defined and based on WHO regions in the present  
study, we aimed to document the SEV of low BMD at 
the global level and in different WHO regions by sex. 
We also aimed to evaluate the trends in the attributable 
burdens between 2000 and 2019 globally and in different  
WHO regions using the results of the GBD study 2019.

Methods

Study design

In the present study, we reviewed the sex-region-
specific SEV of low BMD and the all-ages numbers and 
age-standardized burden rates attributed to low BMD 
including DALYs, years lived with disability (YLDs), 
years of life lost (YLLs), and deaths using the estimates 
of the GBD 2019 report. We compared different WHO 
regions, age categories, and sexes as well. The GBD study 
2019 estimates the incidence and prevalence of 369 
diseases and injuries, the SEV of 87 risk factors, and the  
attributable burden including mortality, YLLs, YLDs, 
and DALYs in 204 countries and territories (12, 13).  
The estimated outcome measures in the GBD 2019  
study can be obtained at the global level, regionally, and 
for different countries and territories.

Low BMD is considered a risk factor in the GBD 
study. Categories of risk factors include environmental/
occupational, behavioral, and metabolic in the order 
of exposure value. The latter (metabolic) category  
includes high fasting plasma glucose, high low-density 
lipoprotein cholesterol (LDL) , high systolic blood  
pressure (SBP), high body mass index (BMI), low BMD, 
and kidney dysfunction (13). The burden data (data on 
DALYs, YLDs, YLLs, and mortality) for low BMD and other 
diseases, injuries, and risk factors are publicly available 
online by region, country, year, age, and sex (https://
vizhub.healthdata.org/gbd-results/).

Data sources

All of the data described and analyzed in this study are 
obtained from the GBD 2019 study. The data sources 
used in the GBD 2019 study include scientific literature, 
estimate, and surveys. Representative, population-
based surveys that reported quantitative BMD of the 
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femoral neck region, measured by DXA in g/cm2 were  
included in the GBD 2019 study. In some surveys, the 
mean BMD was reported in stratified groups rather  
than for the whole sample, the stratified means were 
aggregated to obtain a total mean BMD at the population 
level for age/sex categories (13). Overall, 168 surveys  
from 49 countries were included in the GBD 2019  
study (13).

Variables

In the GBD 2019 study, low BMD was defined using  
the theoretical minimum risk exposure level (TMREL);  
i.e., by the difference between the BMD of a population 
and the age-sex-specific 99th percentile of BMD from 
the National Health and Nutrition Examination Survey 
(NHANES) study as the reference population. In the  
GBD 2019, the attributed low BMD burden refers to the 
burden of injury resulting from low BMD; however, in 
the present study we use low BMD as a risk factor and the 
nearest surrogate to examine the burden of osteoporosis.

SEV is a risk-weighted prevalence and is measured 
on a scale of 0–100 accounting for the whole population 
exposed to a minimum (no excess risk) and maximum  
risk (highest level of risk), respectively (13).

The burden attributable to low BMD exposure was 
measured by DALYs, YLDs, YLLs, and deaths by sex and 
region and was estimated for women and men 40 years 
and older (12). DALYs is a population health metric and 
refers to the lost years of healthy life and is a combination 
of YLLs (lost years of life due to earlier death) and YLDs 
(years of life spent in disability adjusted by its weight) (14).

YLLs = number of deaths × global standard 
life expectancy at the age at which death occurs; 
YLDs = number of prevalent cases × weight of disability; 
DALYs = YLLs + YLDs

WHO regions include Africa, the Eastern 
Mediterranean Region (EMR), Europe, Region of the 
Americas, Southeast Asia, and Western Pacific.

Statistical analysis

In the GBD 2019 study, the GBD standard population  
was used to calculate the age-standardized rates with  
the direct method (12). Mean BMD was modeled in 
DisMod-MR 2.1 as a single ‘continuous’ parameter 
model by age and sex, and all GBD locations for the years 
1990–2019. The covariates used in the BMD DisMod-MR 
meta-regression model in GBD 2019 study included age-
standardized total physical activity (MET-min/week), 

tobacco consumption (cigarettes per capita), mean BMI, 
and unadjusted calcium intake (grams) at the country 
level (13).

This paper describes data on age-standardized SEV 
of low BMD at the global level and in different WHO 
regions with their 95% uncertainty intervals (95% UI). 
It also presents the all-age and age-standardized burden 
per 100,000 population at a global level as well as an 
age-standardized burden in different WHO regions. 
In addition, this paper visualizes time trends of the  
burden attributable to low BMD through 2019 globally  
and in different WHO regions. We also present the 
difference in the attributable burden between different  
age categories.

Details of the GBD 2019 burden of diseases and 
attributed burden to risk factors methodology have been 
presented in previous publications (12, 13).

Results

Summary exposure value

The age-standardized SEV to low BMD had a declining 
trend globally (16.7 (12–23) in 2000 and 16.3 (11.4–22.6) 
in 2019) and in all WHO regions during 2000–2019  
except for the regions of America which increased from  
14.3 (9.7–20.7) to 14.7 (9.9–21.1). The worldwide 
distribution of exposure to low BMD for people aged 
40 years and more for the years 2000, 2010, and 2019, 
by sex, is presented at the country level (Fig. 1) and 
by WHO region (Supplementary Fig. 1, see section 
on supplementary materials given at the end of this  
article). Women had a higher SEV compared to men 
globally (20.7 (15–27.3) and 11.3 (7–17.6), respectively, 
in 2019) and in all WHO regions. The highest SEV of 
low BMD was detected in African women (28.8, 95% UI  
(22.0–36.3)), followed by women of Southeast Asia  
regions (22.9 (17.1–29.7)) in the year 2019 (Table 2,  
right column). In all, the European region showed the 
lowest SEV of low BMD in both women (14.7 (9.9–21)) 
and men (8 (4.3–13.4)). The rank of different WHO 
regions regarding SEV did not change from 2000 to 2019 
when considering both women and men. However, in  
women, Southeast Asia and the regions of America  
showed a higher rank in 2019 (second and fourth, 
respectively) compared to 2010 (third and sixth  
rank, respectively). In men, EMR ranked higher in 2010 
(second) compared to 2000 (third) and remained the 
second rank afterward (Supplementary Fig. 1).
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Attributable burden

Disability-adjusted life years 
DALYs attributable to low BMD in both sexes increased 
from 10.6 million (8.7–12.6) in 2000 to 16.6 million 
(13.5–20) in 2019 at the global level (percent change of 
57.0%; Table 1). However, the age-standardized rate of 
global DALYs showed an improving trend from 219.3 
(179.9–260.8) per 100,000 in 2000 to 206.8 (167.9–248.7) 
in 2019 (percent change of −5.7%; Table 1). Burden  
values of low BMD in 2000, 2010, and 2019 at the  
global level and by WHO region are presented in detail in 
Tables 1 and 2, respectively.

Globally, the number of DALYs was higher in men 
compared with women in 2000 (5.4 vs 5.25 million) 
and 2010 (6.8 vs 6.5 million) but lower in 2019 (8.0 
vs 8.7 million) and showed a global increase in both 
sexes during the two decades (percent change of 
49.2% and 64.9%, respectively, in men and women; 
Table 1). However, the age-standardized rate of DALYs was  
higher in men compared with women at the three  
points of time (2000: 231.4 (191.9–269.3) vs 203.0  
(164.5–246.9); 2010: 224.4 (183.5–261.6) vs 193.4 (156.2–
234.1); 2019: 212.7 (173.1–250.9) vs 197.9 (158.5–242.0)  
per 100,000) and a decreasing trend (though not 
significant) in the age-standardized DALY rate was 
observed at the global level in both sexes (percent 
change of −5.7%), especially men (−8.1% change). 
World distribution of DALYs attributable to low  
BMD at a country level and by WHO region is  
shown in Fig. 2 and the global trend in both  
numbers and the age-standardized rate is shown  
in Fig. 3.

Years lived with disability 
YLDs attributable to low BMD in both sexes increased  
from 5.0 million (3.6–6.8) in 2000 to 8.6 million  
(6.1–11.6) in 2019 at the global level (percent change 
of 71%; Table 1). However, the age-standardized rate of  
global YLDs did not differ significantly and was 106.2 per 
100,000 in 2000 and 107.3 in 2019 (percent change of 1%; 
Table 1).

Globally, the number of YLDs was higher in women 
compared with men during 2000 (2.9 vs 2.1 million) to 
2019 (5.1 vs 3.5 million) and showed a global increase 
in both sexes during the two decades (percent change 
of 74.8% and 65.6%, respectively, in women and men; 
Table 1). About 60% of the burden was attributed  
to women.Ta
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Years of life lost 
YLLs attributable to low BMD in both sexes increased 
from 5.6 million (4.8–6.0) in 2000 to 8.0 million  
(6.7–9.0) in 2019 at the global level (percent change of 
44%; Table 1). However, the age-standardized rate of 
global YLLs decreased from 113.1 (97.3–122.7) per 100,000 
in 2000 to 99.5 (82.9–112.1) in 2019 (percent change of 
−11.9%; Table 1).

Globally, the number of YLLs was higher in men 
compared with women during 2000 (3.3 vs 2.3 million) 

to 2019 (4.5 vs 3.5 million) and showed a global  
increase in both sexes, especially women during the  
two decades (percent change of 52.2% and 38.6%, 
respectively, in women and men; Table 1).

Mortality
Mortality attributable to low BMD in both sexes  
increased from 261,000 (225–285) in 2000 to 438,000 
(361–495) in 2019 at the global level (percent change 
of 67.6%; Table 1). However, the age-standardized rate 

Figure 2
(A) World distribution of DALYs for low BMD at the country level in women (left) and men (right). (B) World distribution of DALYs for low BMD by WHO 
region in women (up) and men (down).
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of global deaths showed a decreasing pattern from 6  
(5.2–6.6) per 100,000 in 2000 to 5.7 (4.7–6.5) in 2019  
which was not significant (percent change of −4.7%; 
Table 1).

Globally, the number of deaths was almost the  
same in women and men in 2000 (130,000) and  
higher in women compared with men in 2019 (228 vs 
209,000) and showed a global increase in both sexes, 
especially women during the two decades (percent change 
of 74.4% and 60.9%, respectively, in women and men; 
Table 1).

Sex differences
Regarding the attributable burden in different sexes,  
while the global YLDs rates were higher in women 
compared to men (in 2019: 117.6 (84.2–159.0) vs 93.5  

(65.8–126.7); Table 1), the attributed YLLs, DALYs, and 
deaths were higher in men as shown in Table 1 and 
visualized in Supplementary Fig. 2. YLLs attributable  
to low BMD were considerably higher in men  
compared with women globally (in 2019: 119.3 (98.3 
–134.8) vs 80.3 (64.8–92.7)) and in all WHO regions  
except the Southeast Asia region (in 2019: 165.8 (132.4–
198.5) vs 170.9 (129.1–207.9)). The least difference  
between men and women regarding the attributed 
burdens was observed in Southeast Asia, while the most 
discrepancy was seen in Africa and EMR. DALYs and 
deaths attributable to low BMD were relatively higher  
in men, except for the Southeast Asia region. YLDs  
were not significantly different between men and women 
in any region; however, the mean rate was lower in men 
(Table 2).

Figure 3
Global all-ages number and age-standardized rate of low bone mineral density burden during 2000–2019 in (A) women and (B) men.
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Time trend
The greatest change observed globally from 2000  
to 2019 was for YLDs number in both women (74.8%) 
and men (65.6%) followed by death (74.4% and 60.9%, 
respectively) (Table 1). Regarding WHO regions, the 
greatest percent change for YLD was observed in the 
Western Pacific region (104.5%) followed by Southeast 
Asia (100%), and the change was greater in women in 
all regions (Table 2). As for age-standardized rates, the 
greatest reduction was observed in the global YLL rate 
(percent change of −11.9%; Table 1), followed by DALYs 
(−5.7%). Most of the reduction in the burden rate was 
observed in men compared with women (e.g., 13.2% vs 
9.6% for YLL; Table 1). The reduction in the burden rate 

was mostly observed in the European region (29.4%, 20%, 
15.8%, and 7.7% for YLL, death, DALY, and YLD rates, 
respectively), and Europe was the only region showing 
YLD rate reduction (Table 2).

WHO regions
Overall, the highest DALYs, YLLs, and death rates  
were observed in women and men of the Southeast Asia 
region. While the European region showed the highest 
YLDs in men (119.8 (82.8–168.5) in 2019) and until 
the recent decade in women, this region showed the  
lowest YLL (60.3 (49.6–67.3) in 2019) and death rate 
(3.8 (3.1–4.3) in 2019) in both women and men (Fig. 4).  

Figure 4
Age-standardized attributed burden rate of low bone mineral density by WHO region from 2000 to 2019 in (A) women and (B) men.
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Figure 5
The attributed burden of low bone mineral density in WHO regions by age group during 2000–2019. (A) DALYs, (B) YLDs, (C) YLLs, and (D) deaths.
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The trend in the age-standardized burden rate of low  
BMD in different WHO regions from 2000 to 2019 in 
women and men is shown in Fig. 4.

Age groups
Global DALYs rates were near 2000 and 1500 per 100,000 
in women and men over 70 years, about 500 in those 
50–70 years, and less than 250 in those 40–50 years. 
As observed, the population over 70 years accounts 
for most of the attributable burden (Fig. 5), and the  
highest DALYs, YLLs, and deaths in this age group are 
related to the Southeast Asia region, while the highest 
YLDs are observed in the European region in both  
women and men. Almost the same trend in all indices 
is observed in women 50–70 years. In 50- to 70-year-old 
men, the same trend is observed for DALYs and YLDs, 
while the highest YLLs and mortality are seen in the 
African region (Fig. 5). Individuals younger than 50 
years followed a different pattern and EMR showed the  
highest burden regarding DALY, YLL, and death  
compared to other regions, while the European region 
showed the highest YLD similar to older individuals. 
While in the age group of more than 70 years, higher  
age-standardized rates of burden were observed in  
women, in the age group of less than 50 years, the rates 
were higher in men (Fig. 5, notice the values in the y-axis).

Discussion

According to the GBD study, the global age-standardized 
SEV of low BMD is estimated to be 20.7% in women and 
11.3% in men in 2019. Among the WHO regions, Africa 
had the highest age-standardized SEV of low BMD in 
women (28.8%) as well as in men (16.8%), followed by 
Southeast Asia (22.9%), and Western Pacific (22.5%) in 
women, and EMR (12.4%) and Western Pacific (12.1%) 
in men. The lowest SEV was observed in Europe in  
both women (14.7%) and men (8%). The age- 
standardized data showed an improving trend in the 
global burden rate of low BMD, especially YLLs and  
DALYs which showed an 11.9% and 5.7% reduction  
from 2000 to 2019; however, the absolute numbers  
showed an about 70% increase in the YLDs and deaths 
attributed to low BMD from 2000 to 2019 at the  
global level.

The observation in the SEV of low BMD can be 
interpreted to be partly in line with the report of a  
recent systematic review and meta-analysis on the 
worldwide prevalence of osteoporosis which was  

23.1% in women and 11.7% in men, with the highest 
prevalence (39.5%) observed in Africa (15). The  
prevalence of osteoporosis in the EMR was 20.5% in  
men and 24.4% in women and with the highest  
prevalence observed in Saudi Arabia and showed an 
increasing trend through 2015, indicating a considerable 
prevalence, especially in men (16). The prevalence, 
however, increases with aging, and in Iran, for example, 
the age-standardized prevalence of osteoporosis was 
estimated to be as high as 62.7% in women and 24.6% 
in men aged ≥60 years (17) and the condition affects 
more than one-third of people aged 50 years and older 
in China (18). The distribution of osteoporosis varies 
across different populations so as the fragility fractures.  
A worldwide study reported that the incidence of  
vertebral fractures in both sexes rises with aging  
above 50 years and in any given country is higher 
in women than in men. The variability observed in  
vertebral fracture prevalence between different  
countries is low in Europe and North America; however, 
greater variations have been observed in Asia and  
Latin America (19).

The increase in the absolute numbers of the 
burden of low BMD despite the improving trend in the 
global burden rate can reflect the population aging.  
Compared with other risk factors, low BMD had a lower 
contribution to the global burden (12), which may not 
seem to be supported by the findings of other studies 
regarding the significant burden of hip fractures (6, 7, 
20). The low contribution could be an underestimation 
partly caused by the definition of low BMD in GBD  
studies (21) as well as a lack of data on osteoporosis and 
fragility fractures as diseases and injuries. In clinical 
settings, the diagnosis of osteoporosis is based on the  
lowest DXA T-score of the lumbar spine, femoral neck, 
or total hip according to the National Osteoporosis 
Foundation (22) and the International Society for  
Clinical Densitometry (ISCD) classification (23); those 
with the lowest T-score ≤−2.5 are diagnosed to have 
osteoporosis, those with the lowest T-score ≥−1.0 
are normal, and those in between are considered as  
osteopenia or low bone mass. BMD of young Caucasian 
females is used as a reference in both women and 
men, which is reasonable in the prediction of absolute 
fracture risk and diagnosis of osteoporosis, since each 
unit decreases BMD and increases the risk of fracture  
and it is same in men and women (3). In the GBD 
study, however, low BMD was defined in terms of the 
difference between the BMD of a population and the 99th  
percentile of a reference population using age- and  
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sex-specific TMREL, because this study focuses on 
modifiable risk factors rather than the inevitable bone 
loss caused by aging. This could lead to underestimation 
of exposure in older ages while using the WHO  
definition and ISCD guidelines result in higher prevalence 
estimates.

Despite the highest SEVs observed in the African 
region, the highest DALYs, YLLs, and deaths were observed 
in women and men of the South-East Asia Region.  
However, the European region showed the highest YLDs 
in men and until the recent decade in women. The 
discrepancy can be explained in part by the difference in 
life expectancy, quality of life, and access to healthcare 
services in different regions. Also, peak bone mass (PBM) 
that is attained in adolescence and early adulthood 
is related to the risk of developing osteoporosis and 
individuals who achieve higher PBM have a lower risk 
of osteoporotic fractures and have to lose more bone 
mass before reaching a critical threshold associated with 
osteoporosis. Sex, genetics, sex hormones, nutrition, 
physical activity, and lifestyle factors all affect PBM 
acquisition (24) which can explain the differences  
between the prevalence and burden of low BMD in 
different sexes and different regions.

The population over 70 years, especially women, 
account for most of the attributable burden when 
compared with those 50–70 years and younger, which 
is expected according to the degenerative nature of 
osteoporosis. As the population ages over 50 years, the 
prevalence of osteoporosis increases from 10% at age  
60 to as many as 65% at age 90 years in women (20). 
The same increasing trend is observed in the risk of 
fragility fractures. After menopause, rapid bone loss 
occurs in women due to reduced estrogen levels, followed 
by age-related bone loss in elderly women and men.  
However, in the population less than 50 years, 
generally the age-standardized rate of burden is higher 
in men, which could be explained by the protective  
effect of estrogen in pre-menopausal women, and  
riskier lifestyle habits in men of this age group.

In this study, we visualized the current state of 
exposure to low BMD, the attributable burden globally 
and in different WHO regions, and the trend from  
2000 to 2019 according to the GBD study 2019.  
Besides, we compared different regions, age categories, 
and sexes. The main limitation of the present report is 
that we didn’t have direct access to data on the exposure 
and burden of osteoporosis and fragility fractures as 
diseases and injuries in the GBD study (12); besides,  
the definition of low BMD was not the same as what  

we use in clinical practice; the TMREL used for low BMD 
and other risk factors may mask the effect of age and 
sex. BMD at the femoral neck was used, and the other 
sites were not considered. These all could underestimate 
the prevalence of clinically low BMD and the burden of 
fragility fractures.

Genetic variations and ethnic differences;  
nutritional issues like inadequate intake of calcium, 
vitamin D, and other essential nutrients necessary  
for bone health, as well as poor dietary habits and 
limited access to nutritious food; cultural practices 
affecting dietary choices, sedentary lifestyles, and lack 
of physical activity and insufficient weight-bearing 
exercise during childhood and adolescence (affecting 
PBM); and socioeconomic disparities such as poverty, 
limited access to healthcare and educational facilities,  
and some cultural habits like smoking and excessive 
caffeine intake are all factors contributing to lower 
BMD and the attributable burden. Policymakers should  
address these issues, especially in regions of high  
SEV and burdens by public health education and  
raising awareness about the risk factors of low BMD and 
the prevention strategies. They should target both the 
general population and healthcare professionals and 
focus on the awareness about and access to healthy food 
options, enhancing regular physical activity in school 
and workplace, healthcare infrastructure, and policies 
to control smoking. Specific interventions are based on  
the cultural, socioeconomic, and healthcare context of 
each region.

Conclusion

Our findings support the considerable global exposure 
to low BMD, especially in Africa and in women. An 
improving trend in the global rate of YLLs, DALYs,  
and deaths was visualized, mostly in the European  
region. The results of this study also reflect that the  
burden attributed to low BMD in younger individuals, 
especially men, is critical in the EMR, which requires 
urgent attention and appropriate actions. Knowledge of 
the burden attributable to low BMD in different regions 
can increase the awareness of healthcare decision- 
makers to identify priorities and adopt appropriate 
strategies for the early screening, diagnosis, and  
treatment of the condition and also strategies to  
prevent falls and fragility fractures and their  
consequent morbidity and mortality.
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