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Abstract

Background Aged osteoporosis poses a significant threat to the well-being and longevity of older individuals, yet
evidence regarding the relationship between osteoporosis risk and mortality among the elderly population in Asia
remains unknown.

Aims Our study aimed to investigate associations between osteoporosis risk and all-cause mortality, as well as cause-
specific mortality, among the Chinese elderly population.

Methods Pooled data from the Chinese Longitudinal Healthy Longevity Survey (CLHLS) conducted between

2002 and 2018 were utilized to analyze the associations between osteoporosis risk and all-cause, heart disease,
cardiovascular disease (CVD), respiratory disease, and cancer mortality. Cox proportional hazards models were
employed for this analysis. Osteoporosis risk was assessed using the Osteoporosis Self-Assessment Tool for Asians
(OSTA). Restricted cubic spline (RCS) functions were applied to explore the nonlinear relationship between OSTA
and mortality. The robustness of the Cox models was evaluated through internal verification, subgroup analyses, and
sensitivity analyses.

Results A total of 12,711 elderly individuals aged > 65 years were included for analysis at baseline. During a 16-year
follow-up, 7,963 individuals in the cohort were identified as deceased. Compared to those with low osteoporosis risk,
elderly individuals with high osteoporosis risk demonstrated a significantly elevated risk of all-cause, heart disease,
CVD, respiratory disease and cancer mortality. The relationship between OSTA level and all-cause and cause-specific
mortality exhibited a significant L-shaped pattern.

Conclusions The risk of osteoporosis is independently associated with the prediction of mortality. The OSTA may
serve as a suitable predictor for mortality related to osteoporosis among the Asian population.
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Introduction

Osteoporosis is a prevalent and progressive condition
characterized by reduced bone mass and microstruc-
ture, resulting in an increased vulnerability to fractures
and mortality [1-2]. Recent data suggests that as of 2018,
there were approximately 10.9 million men and 49.3 mil-
lion women affected by osteoporosis in China [3]. The
prevalence of osteoporosis among individuals aged over
65 has significantly risen in China over the past decade.
Consequently, addressing fragility fractures and prevent-
ing osteoporosis has become a priority for the elderly
population in China [4]. The disease burden of osteopo-
rosis-related fractures in China accounted for approxi-
mately 18.75% of the global DALYs (Disability-Adjusted
Life Years) number, reaching around 1.83 million in 2019
[5]. Previous projections from the 1990s estimated that
by the year 2050, there would be between 4.5 and 6.2 mil-
lion elderly patients suffering from hip fractures related
to osteoporosis worldwide, with half originating from
Asia [6].

Several epidemiological studies involving Caucasian
populations have assessed the relationships between
osteoporosis/bone mineral density (BMD) and both all-
cause and cause-specific mortality. However, there con-
tinues to be ongoing debate regarding the association
between BMD across various skeletal sites and its abil-
ity to predict both all-cause and cause-specific mortality
even at present [7—18]. Although BMD testing is widely
recognized as the definitive method for diagnosing osteo-
porosis, it frequently faces challenges related to limited
sample sizes and delays in implementing preventive mea-
sures against this condition. The evaluation of BMD has
conventionally depended on dual-energy X-ray absorp-
tiometry (DXA); however, its high expenses combined
with restricted accessibility present obstacles given that
China has only 0.46 DXA systems per million residents
[19].

The OSTA is a simple yet effective clinical risk assess-
ment tool specifically designed for the Asian population,
aiming to early detect osteoporosis and predict fracture
risk [20]. The study employed the OSTA, a cost-effective
screening method that has been extensively validated and
widely applied in clinical practice for assessing osteopo-
rosis risk among Asian populations, such as Chinese [21—
22], South Koreans [23], Malaysians [24], Indians [25],
and Filipinos [26]. Although initially used to assess osteo-
porosis risk in postmenopausal women, subsequent stud-
ies have demonstrated that OSTA is also applicable for
elderly men [20, 27-28]. The OSTA index demonstrated
better performance than other indices, exhibiting a high
sensitivity of 91%, moderate specificity of 45%, and an
area under the curve (AUC) value of 0.79 at the cut-off of
-1 in the original development datasets [29]. To a certain
extent, OSTA may serve as a compensatory measure for
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the role of BMD testing in the early detection of osteopo-
rosis, and even in the prediction of osteoporotic fractures
and mortality.

The objective of this study was to investigate the associ-
ation between osteoporosis risk and OSTA level with the
risk of all-cause and cause-specific mortality among the
elderly Chinese population, using data from a national,
large-scale, and long-term survey.

Materials and methods

Study design and participants

The CLHLS is one of the world’s largest surveys on the
elderly population, encompassing 8 waves of in-depth
surveys conducted by the Research Center for Healthy
Aging and Development at Peking University/National
Development Academy from 1998 to 2018. The survey
employed a multistage, stratified cluster sampling design
to recruit participants from 22 out of the 31 provinces in
China, covering approximately 85% of the total popula-
tion. A comprehensive account of the CLHLS procedures
has been previously published [30-31]. The data from
2002, 2005, 2008, 2011, 2014, and 2018 were included in
our study. We excluded the surveys conducted in 1998
and 2000 as they solely encompassed participants aged
over 80 years old. This study focused on participants aged
over 65 years old who completed the body weight assess-
ment for analysis.

The CLHLS study received ethical approval from the
Institutional Review Board (IRB) of Peking University
(IRB00001052-13074). The survey procedures were con-
ducted in accordance with the guidelines outlined in the
Declaration of Helsinki. Written informed consent was
obtained from all participants.

Definition of osteoporosis risk

As stated in the original research, the Osteoporosis
Self-Assessment Tool for Asians (OSTA) was calculated
based on age and body weight using the following for-
mula: OSTA = (Body weight [kilogram] - age [years]) x
0.2 [29]. Decimal digits were then disregarded. Individu-
als with an OSTA score of less than —4 were categorized
as high risk, those with a score between >-4 and -1<
were classified as moderate risk, and individuals with a
score greater than —1 were considered low risk. A brief
systematic review was conducted by searching PubMed
with “Osteoporosis Self-Assessment Tool for Asians”
as “MeSH Terms” in either the title or abstract, which
revealed 92 publications (updated 30/6/2024). As we are
aware, bone mineral density (BMD) measured by DXA
currently serves as the gold standard for diagnosing
osteoporosis. Finally, we included 20 studies published
in English that compare the effectiveness of OSTA and
BMD in detecting osteoporotic conditions within Asia.
These studies, including meta-analyses, originated from
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diverse Asian populations such as Chinese, Singaporeans,
South Koreans, Thais, Malaysians, Indians, and Filipinos.

The risk of osteoporosis was determined by calculat-
ing the mean OSTA score from the first three waves of
surveys conducted in 2002, 2005, and 2008. Weight mea-
surements were obtained by trained interviewers adher-
ing to standardized measurement protocols and utilizing
calibrated scales. The difference between the interview
date and birth date recorded on participants’ identifica-
tion cards was used to determine their true age.

Definition of mortality

The primary outcome of interest in this study was all-
cause mortality. During the process of CLHLS, differ-
ent causes of mortality were recorded based on ICD
(International Classification of Diseases) codes and ini-
tially categorized into heart diseases, CVD, respiratory
diseases, and cancer across all surveys as the secondary
outcomes of our study. The dates of death were collected
either from officially issued death certificates or through
interviews with close family members or village doc-
tors when available [30-31]. Previous studies have dem-
onstrated the high quality of the CLHLS mortality data
[32—34]. Duration of follow-up was defined as the time
between the date interviewed in 2002 and the occurrence
of outcomes or until 2018. In case a participant missed
a follow-up visit, their survival time was calculated as
the interval between their interview date in 2002 and the
missed visit date. All time measurements are accurate to
within a month.

Definition of covariates

Covariates were selected as potential confounders due
to their influence on the causal pathway between expo-
sures and outcomes. Demographic characteristics
encompassed gender, residential category, smoking sta-
tus, drinking status, physical activity level, educational
attainment, and physical measurements (systolic blood
pressure (SBP) and diastolic blood pressure (DBP)).
Socioeconomic factors included financial condition, mar-
ital status, self-reported quality of life, and medical ser-
vice utilization. Dietary habits involved the frequency of
daily consumption of fresh fruits, vegetables, meat, fish,
eggs, sugar and tea.

Trained interviewers collected all covariates using stan-
dardized questionnaires in each wave survey [42-44].
The category of residence was classified as urban (city)
or rural (town and rural). Smoking status, drinking sta-
tus, and physical activity were assessed through simi-
lar questions asking whether the participant currently
smokes, drinks, or exercises. Educational level was cat-
egorized as low (<9 years) or high (=9 years) based on
schooling years. Financial condition was interviewed by
the question “Are all financial sources enough for your
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life?”; and the answers were recorded as yes or no. Mari-
tal status was dichotomized into couple and single (sepa-
rated, divorced, widowed, or never married) at the time
of interview. Self-reported quality of life was merged into
good condition versus so-so/bad condition. Medical ser-
vice was interviewed by the question “Get adequate med-
ical service at present?’, and the answers were recorded
as yes or no. A similar food frequency questionnaire was
used to collect data on food consumption across all wave
surveys with seven major food groups surveyed including
fruits, vegetables, meat, fish, eggs, sugar and tea; answers
were classified into three types: almost every day, occa-
sionally and rarely/never.

The history of diseases was documented based on the
hospital diagnosis records. Two steps were followed in
this section of the questionnaire. Firstly, question “Did
you suffer from diabetes/heart disease/respiratory dis-
ease/cardiovascular disease/cancer?” to primarily iden-
tify if the participants suffered the diseases. The second
question “Was your disease diagnosed by hospital?” was
used to confirm if their disease had been diagnosed by a
hospital. Based on the responses received, we recorded
double “yes” as yes and otherwise as no.

Statistical analysis

The descriptive statistics of baseline characteristics are
presented according to the risk of osteoporosis. Contin-
uous variables are reported as means with a 95% confi-
dence interval (CI). Categorical variables are displayed as
frequencies and percentages. One-way ANOVA analyses
were employed for comparing differences in continu-
ous variables. Chi-square tests were used for categorical
variables.

Cox proportional hazard regression models were uti-
lized to calculate the hazard ratios (HRs) and 95% ClIs in
the analyses. The backward stepwise regression method
was employed to screen for statistically significant
covariates in both univariable and multivariable models,
which were included in the final models for analysis. To
ensure model robustness, all participants were randomly
divided into training and testing cohorts (7:3) for inter-
nal validation of multivariable Cox models. Final models
adjusted for potential confounders were used to deter-
mine associations between osteoporosis risk and mortal-
ity from all-cause, heart disease, cardiovascular disease
(CVD), respiratory disease, cancer, and other causes.
ROC (receiver operating characteristic) curves were con-
structed with AUC calculated to assess each model’s abil-
ity to predict mortality. AUC values greater than 0.6 are
considered high level fits. Sex-specific HRs with 95% Cls
were used to explore relationships between osteoporosis
risk and mortality.

Restricted cubic spline (RCS) functions were used to
investigate the nonlinear relationship between OSTA and
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all-cause, heart disease, CVD, respiratory disease, cancer,
and other cause mortality stratified by sex [35-36]. The
final cox models and confounders were employed in this
analysis to explore the nonlinear association. Consistent
with previous research recommendations, we selected
the median OSTA as the reference value for all analyses
of nonlinear association. The fit of nonlinear curves was
optimized when five knots were incorporated into the
models, this approach prevented accuracy reduction due
to over-fitting [37].

In order to further validate the robustness of the cor-
relation between OSTA and mortality, we conducted the
subgroup analysis by categorizing all potential covari-
ates and the sensitive analysis by excluding part of par-
ticipants. This comprehensive approach was employed to
reevaluate the association between osteoporosis risk and
both all-cause mortality as well as cause-specific mortal-
ity. By incorporating various factors that could potentially
impact the relationship between OSTA and mortality,
our aim was to provide a more precise and dependable
estimation of this association.

All analyses were performed using R software version
4.3.1, and statistical significance was determined at a
two-tailed p-value of less than 0.05.

Results

Descriptive analyses

In the 2002 CLHLS study, a total of 16,064 participants
aged>65 years were enrolled. Due to the increased
mortality risk among individuals over 100 years old, we
excluded 3,353 elderly participants in this age group. The
rate of missing data was below 3% and was addressed
using multiple imputation techniques. Ultimately, our
analysis included a sample size of 12,711 elderly partici-
pants with an average baseline age of 82.7 (95% CI: 82.6—
82.9) years; out of these, there were 6,115 (48.1%) males
and 6,596 (51.9%) females. Table 1 presents the charac-
teristics of the study population. Over a 16-year follow-
up period, we identified a total of 7,963 deaths within
the cohort: specifically, there were 920 deaths attributed
to heart diseases, 933 cases accounted for CVD-related
fatalities, respiratory diseases caused 915 deaths, cancer
resulted in 640 fatalities, while other causes led to 4555
deaths. Please refer to Fig. 1 for further details on the
process.

Assessment of Cox proportional hazard regression models
The association between OSTA and all-cause mortality
was explored, with frequent consumption of meat and
eggs as well as educational level being excluded from
the final models. Other factors were included in the final
model after screening covariates using the backward
stepwise regression method. The formula for the model
of all-cause mortality is summarized as follows:
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h(t) = h(to) * exp(by (OSTA) + ba(smoke)+
bs(drink) + by(residence) + bs(exercise)+

be (blood pressure) + bz ( financial condition)+
bs(marriage status) + bg(quality of life)+
bio(medical service) + by (fruits)+
bi2(vegetables) + big(fish)+

b14(sugar) + bys(tea))

where, ¢ represents the survival time; 4(%) is the hazard
function determined by a set of covariates; the coeffi-
cients (b1, ba,..., bis) measure the effect of covariates;
h(to) is the baseline hazard. The similar screening pro-
cesses were used into all models of exploration of OSTA
and cause-specific mortality.

During the primary internal verification process, there
were no significant differences observed between the
training and testing cohorts according to the balance test
(Supplementary Table 1). The AUC values of the training
and testing cohorts for three different follow-up dura-
tion are presented in supplementary Fig. 1, 2. Most of the
10-year AUC values in train and test cohort were found
to be high. All model assessment results confirmed that
our Cox models fit well.

Association of osteoporosis risk and mortality

The brief systematic review indicated that the OSTA may
serve as a reliable and valid screening tool for assessing
osteoporosis risk among Asians of both genders. Regard-
less of the cut-off values for OSTA (<-1, 0, or -4) and
BMD T-score (<-2.5), the comparison with BMD mea-
sured by DXA demonstrated that the results of OSTA
values were robust, exhibiting high sensitivity and speci-
ficity, along with a substantial AUC. Detailed information
is provided in Supplementary Table 2.

The relationship between osteoporosis risk and the
risk of all-cause and cause-specific mortality was exam-
ined using Cox proportional regression models adjusted
for covariates (Table 2). Participants with high osteopo-
rosis risk exhibited a significantly higher risk of all-cause
mortality (HR=2.54, 95%CI=2.11-3.06), heart disease
mortality (HR=1.57, 95%CI=1.09-2.26), CVD mortality
(HR=1.52, 95%CI=1.05-2.19), respiratory disease mor-
tality (HR=2.29, 95%CI=1.44-3.63), cancer mortality
(HR=1.19, 95%CI=1.03-1.79) and other cause mortality
(HR=3.48, 95%CI =2.60—4.67) compared to the low-risk
group. Among the elderly male population, similar asso-
ciations were observed; however, among elderly females
only an increased risk of all-cause mortality was signifi-
cantly associated with high osteoporosis risk. (Supple-
mentary Tables 3—4).

A non-linear relationship between OSTA value and
the risk of all-cause and cause-specific mortality by
sex is illustrated in Figs. 2 and 3. Both male and female
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Table 1 Baseline characteristics stratified by osteoporosis risk in Chinese elderly population, CLHLS 2002-2018
Total Osteoporosis risk P-value?
Low Middle High

Number 12,711 251 929 11,531

Age (years) 82.7(82.6-82.9) 71.6(71.0-72.1) 73.0(72.8-73.3) 85.8(85.7-86.0) <0.001

Weight (kilogram) 50.2(50.0-50.4) 65.3(63.7-67.0) 59.0(58.5-59.5) 49.2(49.0-49.4) <0.001

SBP (mmHg) 138.5(137.4-139.6) 136.9(134.4-139.4) 135.0(132.2-137.9) 138.8(137.7-140.0) 0.189

DBP(mmHg) 90.4(89.2-91.6) 86.3(84.8-87.7) 86.9(84.1-89.8) 90.8(89‘5—92.1 ) 0.161

OSTA -10.9(-11.1-10.8) 13.8(10.9-16.6) —2.81(-2.86-2.76) —12.1(=12.2-12.0) <0.001

Gender Male 6115 185(3.0%) 617(10.1%) 5313(86. 8%) <0.001
Female 6596 66(1.0%) 312(4.7%) 6218(94.3%)

Category of residence Urban 3052 93(3.0%) 234(7.7%) 2725(89.3%) <0.001
Rural 9659 158(1.6%) 695(7.2%) 8806(91.2%)

Self-reported quality of life Good 7169 167(2.3%) 575(8.0%) 6427(89 6%) <0.001
So-so/bad 5542 84(1.5%) 354(6.4%) 04(92.1%)

Smoke at present Yes 2671 84(3.1%) 290(10.8%) 2297(86 O%) <0.001
No 10,040 167(1.7%) 639(6.4%) 9234(91.9%)

Drink at present Yes 2718 80(2.9%) 283(10.4%) 2355(86 6%) <0.001
No 9993 171(1.7%) 646(6.5%) 76(91.8%)

Exercise at present Yes 4497 127(2.8%) 436(9.7%) 3934(87 5%) <0.001
No 8214 124(1.5%) 493(6.0%) 7597(92.5%)

Educational level Low 11,926 220(1.8%) 845(7.1%) 10,861(91.1%) <0.001
High 785 31(3.9%) 84(10.7%) 670(85.4%)

Financial condition Good 10,282 226(2.1%) 792(7.7%) 9264(90.1%) <0.001
Bad 2429 25(1.0%) 137(5.6%) 2267(93.3%)

Current marital status Couple 4632 181(3.9%) 659(14.2%) 3792(81.8%) <0.001
Single 8079 70(0.8%) 270(3.3%) 7739(95.7%)

Adequate medical service Yes 11411 245(2.1%) 882(7.7%) 10,284(90.1%) <0.001
No 1300 6(0.4%) 47(3.6%) 1247(95.9%)

Dietary habits (almost everyday, %)
Fresh fruits 10.9 18.7 1.1 10.7 <0.001
Vegetables 54.1 61.8 60.9 533 <0.001
Meat 389 43.8 40.2 387 0.276
Fish 232 311 259 228 <0.001
Eggs 432 538 479 426 <0.001
Sugar 278 243 244 28.2 0.014
Tea 318 40.2 38.8 311 <0.001

History of diseases diagnosed by hospital (Yes, %)

Diabetes 132 14.7 12.8 13.2 0911

Heart disease 189 227 18.3 189 0.490

Respiratory disease 193 18.3 18.7 194 0.873

Cardiovascular disease 14.6 15.9 15.5 14.5 0.787

Cancer 9.1 838 8.8 9.2 0.910

Abbreviation: CLHLS, Chinese Longitudinal Healthy Longevity Survey; SBP, systolic blood pressure; DBP, diastolic blood pressure; OSTA, Osteoporosis Self-Assessment
Tool for Asians; Cl, confidence interval. Continuous variables were presented as mean and its 95%Cl. Categorical variables were presented as number of cases and
its proportion. > One-way ANOVA analyses were employed for comparing differences in continuous variables. Chi-square tests were used for categorical variables

participants exhibited a statistically significant L-shaped
association between osteoporosis risk and both all-cause
mortality and cause-specific mortality. However, this sig-
nificant association diminished as OSTA values increased
in certain groups.

Subgroup and sensitive analyses
The association between osteoporosis risk and all-cause
and cause-specific mortality, stratified by all potential

risk factors, is depicted in Fig. 4. Subgroup analyses did
not reveal any substantial changes in the association
between osteoporosis risk and cause-specific mortality.
Across all subgroups, the relationship between osteopo-
rosis risk and both all-cause and other cause mortality
remained statistically significant. Overall, these analyses
confirm that individuals with higher osteoporosis risk
have a greater likelihood of experiencing all-cause mor-
tality compared to those with lower osteoporosis risk.
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16064 elderly participants aged >65 years
enrolled in 2002

3353 elderly individuals aged >100 years were excluded

at baseline

12711 elderly participants were included

l

7963 deaths were identified
during 2002-2018

/ [ Univariable and multivariable Cox regression models] \

1 Screening covariates by backward stepwise regression

[ Final Cox regression models ]
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Internal
Validation

(30%)

____________________________________________

Assessment of the association of osteoporosis
risk with all-cause and cause-specific mortality

|

Subgroup and sensitive analyses

Fig. 1 Flow chart illustrating the research process for the present study

The results of sensitivity analyses, as presented in supple-
mentary Table 5, demonstrated consistent notable out-
comes when re-evaluating the findings using a subset of
participants.

Discussion

Our findings suggest a significant association between
a high risk of osteoporosis and increased risks of both
all-cause mortality and cause-specific mortality among
the elderly population. Furthermore, we observed an
L-shaped relationship between OSTA increment and
mortality in participants of both genders. The predictive
value of OSTA levels for mortality in the elderly popula-
tion was consistently strong throughout this study.

In this study, we found a significant association
between a higher risk of all-cause mortality and an ele-
vated osteoporosis risk among total participants. Previ-
ous studies have also reported similar findings, however,
they defined osteoporosis based on BMD. An earlier
meta-analysis revealed a significant association between
lower total hip/femoral neck BMD and increased all-
cause mortality risk [38]. Famous study CAIFOS (Cal-
cium Intake Fracture Outcome study) suggested that the
diagnosis of osteoporosis through broadband ultrasound
attenuation was linked to a 1.15-fold increase in the risk
of all-cause mortality [10]. The findings of a series of
studies conducted on elderly individuals in the United

States as part of the National Health and Nutrition Exam-
ination Survey (NHANES) revealed a significant associa-
tion between low BMD and an increased risk of all-cause
mortality [11, 13, 14]. Additionally, the maintenance of
BMD levels after a hip fracture remained beneficial in
reducing the risk of all-cause mortality and preventing
osteoporosis [39]. Conversely, previous studies have not
yet reached a definitive conclusion regarding the asso-
ciation between osteoporosis/BMD and cause-specific
mortality. In this study, a significant association between
elevated risk of osteoporosis and cause-specific mortal-
ity was observed exclusively among male participants.
The Rotterdam Study suggested an inverse correlation
between BMD and mortality from chronic lung disease
in all participants, while no significant association was
observed with CVD mortality [9]. In contrast, Domici-
ano et al. demonstrated a significant association between
low BMD and CVD mortality in community-dwelling
older adults [7]. The subsequent investigation conducted
by CAIFOS yielded a similar finding, further indicating
that osteoporosis is independently associated with CVD
mortality in elderly women, irrespective of BMD and
established CVD risk factors [10]. Two meta-analyses
have also provided support for the association between
low BMD and an increased risk of CVD-related mortality
[38, 40]. The NHANES provided a valuable opportunity
to investigate the association between osteoporosis and
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Table 2 Association of osteoporosis risk and all-cause and cause-specific mortality among total elderly population in 2002-2018

CLHLS
Cause of mortality Osteoporosis risk HR (univariable) HR (multivariable) HR (final) 2
All-cause mortality
Low Ref. Ref. Ref.
Middle 0.79 (0.64-0.97) 0.74 (0.60-1.21) 0.74 (0.60-1.21)
High 3.27 (2.72-3.93) 2.54 (2.11-3.05) 2.54(2.11-3.06)
P-value <0.001 <0.001 <0.001
Heart disease mortality
Low Ref. Ref. Ref.
Middle 0.66 (0.44-1.00) 0.69 (045-1.04) 0.69 (0.46-1.04)
High 1.58 (1.10-2.27) 1.55(1.07-2.24) 1.57 (1.09-2.26)
P-value <0.001 <0.001 <0.001
Cardiovascular disease mortality
Low Ref. Ref. Ref.
Middle 0.80 (0.53-1.20) 0.77 (0.51-1.16) 0.77 (0.51-1.17)
High 1.68 (1.17-2.42) 1.49 (1.03-2.16) 1.52(1.05-2.19)
P-value <0.001 <0.001 <0.001
Respiratory disease mortality
Low Ref. Ref. Ref.
Middle 0.97 (0.58-1.60) 0.90 (0.55-1.50) 0.92 (0.55-1.52)
High 2.69 (1.71-4.25) 2.23(1.41-3.53) 2.29(1.44-3.63)
P-value <0.001 <0.001 <0.001
Cancer mortality
Low Ref. Ref. Ref.
Middle 0.67 (0.42-1.06) 0.65 (0.40-1.05) 0.65 (0.40-1.05)
High 1.26 (1.04-1.89) 1.18(1.01-1.77) 1.19(1.03-1.79)
P-value <0.001 <0.001 <0.001
Other causes mortality
Low Ref. Ref. Ref.
Middle 0.77 (0.55-1.07) 0.69 (0.49-1.06) 0.69 (0.49-1.06)
High 5.08 (3.80-6.80) 3.49 (2.60-4.67) 3.48(2.60-4.67)
P-value <0.001 <0.001 <0.001

Abbreviation: CLHLS, Chinese Longitudinal Healthy Longevity Survey; HR, hazard ratio; Cl, confidence interval; Ref., reference. * The backward stepwise regression
method was employed to screen for statistically significant covariates in both univariable and multivariable models, which were included in the final models for

analysis

the risk of mortality related to specific causes. Accord-
ing to the findings from the Third NHANES, there was
no significant association observed between low BMD
and the risk of coronary heart disease death or stroke-
related mortality among all participants [17]. Looker
et al. revealed a significant inverse correlation between
BMD and mortality associated with chronic obstructive
pulmonary disease (COPD), based on the analysis of data
from the Third NHANES as well [15]. A 6.8-year median
follow-up study by NHANES demonstrated that a signifi-
cant association between higher BMD levels and reduced
mortality risks for cancer and heart diseases, with varia-
tions observed across genders [14]. Nevertheless, recent
research has failed to establish a correlation between
BMD and cancer mortality [11]. Besides the NHANES,
we also observed a non-significant correlation between
BMD and breast cancer-specific mortality among older
individuals in Australia during a median follow-up period

of 20.7 years [18]. Notably, the study conducted by Cam-
pos-Obando revealed a significant correlation between
BMD and cancer mortality in males [9]. Meanwhile, simi-
lar findings have been observed not only in Western pop-
ulations but also among Asian populations. The Dong-gu
study indicated a U-shaped association between BMD
and all-cause, cancer-related, and other-cause mortality;
however, this association was not found with CVD mor-
tality in male participants [41]. Suzuki et al. suggested
that increasing and maintaining high BMD at the femoral
neck in elderly Japanese women may not only help pre-
vent hip fractures but also potentially reduce the risk of
mortality [61]. Among elderly Chinese individuals, hip
BMD-particularly trochanteric BMD-has been identified
as an independent risk factor for postoperative mortality
following osteoporotic hip fractures [62].

Previous projections from the 1990s estimated that by
the year 2050, there would be between 4.5 and 6.2 million
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Fig. 3 Nonlinear association between OSTA with risk of all-cause, heart disease, CVD, respiratory disease, cancer and other cause mortality among female
participants. Associations were assessed using multivariable Cox regression models with restricted cubic splines

elderly patients worldwide suffering from hip fractures
related to osteoporosis, with approximately half of these
cases originating from Asia [6]. Former studies have sug-
gested a strong association between BMD and ethnicity;
specifically, it has been observed that Black individu-
als tend to have higher BMD compared to Caucasians.
Hispanics exhibit BMD levels similar to those of Cau-
casians, while Asians generally present with the lowest
BMD [19]. Moreover, the Asian dietary pattern, char-
acterized by a greater inclination towards vegetarian-
ism and lower meat consumption compared to Western

diets, may offer valuable insights into the high preva-
lence of osteoporosis. This dietary pattern is associated
with reduced protein intake, which can lead to decreased
calcium-related vitamin D absorption and subsequently
result in lower BMD and an increased risk of fractures
[63—64]. Furthermore, existing evidence indicates that
vitamin D deficiency is prevalent in regions such as the
Middle East, India, China, and Japan, while it is less com-
mon in Northern Europe [65]. On another note, phytates
present in the Asian diet may negatively affect calcium
absorption. Shatrugana et al. reported that the estimated
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dietary intake of calcium among their study participants
was only 270 +57 mg/day [66]. Although BMD testing is
widely acknowledged as the gold standard for diagnos-
ing osteoporosis, it frequently faces challenges due to
the substantial population in need of testing and delays
in implementing preventive measures against this con-
dition. For instance, the limited accessibility of DXA
presents significant challenges, particularly considering
that there are fewer than one DXA machine per million
residents in many Asian countries [19]. The OSTA has
the potential to address these issues to a certain degree,
owing to its comprehensive and self-testing risk assess-
ment tool specifically tailored for the Asian population
[20]. The cost-effectiveness analysis revealed that, com-
pared to no screening, OSTA contributed an increase
of between 0.00035 and 0.00125 QALYs for males and
between 0.00164 and 0.00443 QALYs for females, with
the most significant increases observed at age 75 for both
genders [67].

The utilization of linear and nonlinear analyses offered
a comprehensive perspective on the trajectory of the rela-
tionship between exposure factors and health outcomes.
The findings of several prior studies have indicated a sig-
nificant inverse linear relationship between BMD and
mortality, but fewer studies have explored the potential
nonlinear associations. The Rotterdam Study reported
a nonlinear relationship between BMD and mortality in
men independently comorbidity, whereas no significant
relationship was observed in women [16]. The NHANES
demonstrated a statistically significantly L-shaped associ-
ation for all-cause mortality with BMD increment. a sta-
tistically significant L-shaped association between BMD
increment and all-cause mortality. However, the relation-
ship between higher BMD levels and decreased risk of
cancer and heart disease mortality was more pronounced
in male and female participants, respectively [14].

To the best of our knowledge, this might be the first
study to demonstrate the relationships between osteopo-
rosis risk/OSTA with all-cause and cause-specific mortal-
ity among elderly general population. The second point
is that present study addressed the gap in understanding
the relationship between osteoporosis risk and mortality
among Asian populations by utilizing a nationally repre-
sentative, large-scale sample with long-term follow-up.
Finally, a significant proportion of elderly individuals
with osteoporosis are commonly diagnosed following
fragility fractures, however, these fractures have been
associated with elevated mortality rates in the elderly
population. Asian countries, particularly China, are expe-
riencing a demographic shift towards an aging popula-
tion. The prevalence of high osteoporosis risk among the
elderly population is expected to increase significantly in
a short period of time. In combination, early screening
of high-risk populations, primary prevention, and timely
intervention are crucially essential in mitigating the sig-
nificant risk of fractures, increased mortality rates, and
escalating healthcare costs among the elderly population.

The study also necessitates acknowledgment of several
inherent limitations. Firstly, the questionnaires collected
some valuables that may be susceptible to self-reported
bias. Secondly, although we incorporated numerous
covariates associated with mortality in our analyses, there
might still exist uncontrolled and unmeasured confound-
ers on the causal chain. Then, results of sensitive analyses
remained largely unchanged even after excluding par-
ticipants with a history of diseases, despite the possibil-
ity that one participant may have multiple instances of
disease history. Additionally, while our brief systematic
review suggested that OSTA could serve as a reliable,
cost-effective, non-invasive screening tool for assessing
osteoporosis risk among Asian populations when com-
pared to BMD measured by DXA, the CLHLS project did
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not collect BMD values. This limitation hinders our abil-
ity to assess the reliability and validity of the osteoporosis
risk assessment tool presented in this study. Finally, given
the relatively high mean age of participants in our study,
it is important to consider that individuals without osteo-
porosis risk might still face an increased risk of mortality
solely due to advanced age. Therefore, caution should be
exercised when comparing our findings with those from
other studies.

In conclusion, our study findings suggest that a high
risk of osteoporosis is independently associated with
an increased risk of mortality. There was a significantly
pronounced L-shaped association between OSTA levels
and mortality. OSTA may offer a promising avenue for
screening the osteoporosis risk in elderly Asian individu-
als, not only for preventing osteoporosis and related frac-
tures but also potentially reducing the risk of mortality.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512877-025-05843-7.

Supplementary Material 1: The AUC values of the training cohorts for
three distinct follow-up duration

Supplementary Material 2: The AUC values of the testing cohorts for
three distinct follow-up duration

Supplementary Material 3: Supplementary Table 1. Balance test
between training cohort and testing cohort using the 2002-2018 CLHLS.
Supplementary Table 2. Performance of OSTA in identifying osteopo-
rosis compared to BMD measured by DXA [21-23, 29, 45-60]. Supple-
mentary Table 3. Association of osteoporosis risk and all-cause and
cause-specific mortality among male elderly population in 2002-2018
CLHLS. Supplementary Table 4. Association of osteoporosis risk and
all-cause and cause-specific mortality among female elderly population
in 2002-2018 CLHLS. Supplementary Table 5. Sensitive analyses of
osteoporosis risk and all-cause and cause-specific mortality in two random
cohorts using the 2002-2018 CLHLS

Acknowledgements

Thanks for the data derived from the Chinese Longitudinal Healthy Longevity
Survey (CLHLS), which was supported by United States Department of Health
and Human Services. National Institutes of Health, National Institute on Aging
(ROTAG023627), National Natural Science Foundation of China (71233001),
National Basic Research Program of China (2013CB530700).

Author contributions

Yan-Yu Liu contributed to the study concept. Xing-Bing Pan had full access to
all the data in the study and take responsibility for the integrity of the data.
Qing-Ya Ma and Teng Gao contributed to the statistical analysis and tables’
development of this article. Xing-Bing Pan, Tai Zhang, Jian Xun and Xiang-Tao
Ma interpreted the findings and drafted the article. All the authors contributed
to the critical revision of the article for important intellectual content.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Data availability
Data available on request from authors.

Page 10 of 12

Declarations

Ethical approval
The CLHLS study received ethical approval from the Institutional Review Board
(IRB) of Peking University (IRBO0001052-13074).

Consent to participate/publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Performance Appraisal Office, Children's Hospital of
Hebei Province, Shijiazhuang, China

’Department of Obstetrics and Gynecology, The First Hospital of Hebei
Medical University, Shijiazhuang, China

*Department of Stomatology, Children’s Hospital of Hebei Province,
Shijiazhuang, China

“Department of Oral and Maxillofacial Surgery, Hospital of Stomatology
Hebei Medical University, Shijiazhuang, China

*Department of Traditional Chinese Medicine, The Fourth Hospital of
Hebei Medical University, Shijiazhuang, China

Department of Periodontology II, Hospital of Stomatology Hebei Medical
University, Shijiazhuang, China

’Cancer Institute, The Fourth Hospital of Hebei Medical University,
Shijiazhuang, China

8Cancer Institute, The Fourth Hospital of Hebei Medical University/The
Tumour Hospital of Hebei Province, 12 Jiankang Road,

Shijiazhuang 050017, China

Received: 5 July 2024 / Accepted: 6 March 2025
Published online: 26 March 2025

References

1. Consensus. development conference: diagnosis, prophylaxis, and treatment
of osteoporosis. Am J Med. 1993;94(6):646- 50. https://doi.org/10.1016/000
2-9343(93)90218-¢

2. Leboime A, Confavreux CB, Mehsen N, Paccou J, David C, Roux C. Osteoporo-
sis and mortality. Joint Bone Spine 2010;77(2):5107-12. https://doi.org/10.101
6/51297-319X(10)70004-X. PMID: 21211746.

3. Zeng Q LiN,Wang Q, Feng J, Sun D, Zhang Q, Huang J, et al. The prevalence
of osteoporosis in China, a nationwide, multicenter DXA survey. J Bone Min
Res 2019;34(10):1789-97. https://doi.org/10.1002/jomr.3757.

4. Wang L, YuW,Yin X, Cui L, Tang S, Jiang N et al. Prevalence of Osteoporosis
and Fracture in China: The China Osteoporosis Prevalence Study. JAMA Netw
Open. 2021;4(8):2121106. https://doi.org/10.1001/jamanetworkopen.2021.2
1106

5. ShenY,Huang X, Wu J, Lin X, Zhou X, Zhu Z, et al. The global burden of
osteoporosis, low bone mass, and its related fracture in 204 countries and
territories, 1990-2019. Front Endocrinol (Lausanne) 2022;20:13:882241. https:
//doi.org/10.3389/fendo.2022.882241.

6. Cooper C, Campion G, Melton LJ 3rd. Hip fractures in the elderly: a world-
wide projection. Osteoporos Int. 1992;2(6):285-9. https://doi.org/10.1007/BF0
1623184.

7. Domiciano DS, Machado LG, Lopes JB, Figueiredo CP, Caparbo VF, Oliveira RM,
et al. Bone mineral density and parathyroid hormone as independent risk fac-
tors for mortality in Community-Dwelling older adults: A Population-Based
prospective cohort study in Brazil. The Sdo Paulo ageing & health (SPAH)
study. J Bone Min Res 2016;31(6):1146-57. https://doi.org/10.1002/jbmr.2795.

8. Hauger AV, Bergland A, Holvik K, Emaus N, Strand BH. Can bone mineral
density loss in the non-weight bearing distal forearm predict mortality? Bone
2020;136:115347. https://doi.org/10.1016/j.bone.2020.115347.

9. Campos-Obando N, Castano-Betancourt MC, Oei L, Franco OH, Stricker BH,
Brusselle GG, et al. Bone mineral density and chronic lung disease mortality:
the Rotterdam study. J Clin Endocrinol Metab 2014;99(5):1834-42. https://doi
.0rg/10.1210/jc.2013-3819.

10.  Gebre AK, Prince RL, Schousboe JT, Kiel DP, Thompson PL, Zhu K, et al. Calca-
neal quantitative ultrasound is associated with all-cause and cardiovascular


https://doi.org/10.1186/s12877-025-05843-7
https://doi.org/10.1186/s12877-025-05843-7
https://doi.org/10.1016/0002-9343(93)90218-e
https://doi.org/10.1016/0002-9343(93)90218-e
https://doi.org/10.1016/S1297-319X(10)70004-X
https://doi.org/10.1016/S1297-319X(10)70004-X
https://doi.org/10.1002/jbmr.3757
https://doi.org/10.1001/jamanetworkopen.2021.21106
https://doi.org/10.1001/jamanetworkopen.2021.21106
https://doi.org/10.3389/fendo.2022.882241
https://doi.org/10.3389/fendo.2022.882241
https://doi.org/10.1007/BF01623184
https://doi.org/10.1007/BF01623184
https://doi.org/10.1002/jbmr.2795
https://doi.org/10.1016/j.bone.2020.115347
https://doi.org/10.1210/jc.2013-3819
https://doi.org/10.1210/jc.2013-3819

Pan et al. BMC Geriatrics

20.

21

22.

23.

24.

25,

26.

27.

28.

(2025) 25:199

disease mortality independent of hip bone mineral density. Osteoporos Int.
2022,33(7):1557-67. https://doi.org/10.1007/500198-022-06317-x.

ShiL, Yu X, Pang Q Chen X, Wang C. The associations between bone mineral
density and long-term risks of cardiovascular disease, cancer, and all-cause
mortality. Front Endocrinol (Lausanne) 2022;23:13:938399. https://doi.org/10.
3389/fend0.2022.938399.

Ross RD, Shah RC, Leurgans SE, Buchman AS, Bennett DA. (2020) Associa-
tion of Heel Bone Mineral Density With Incident Disability and Mortality in
Community-Dwelling Older Adults. JBMR Plus 14;4(9):e10390. https://doi.org/
10.1002/jbm4.10390

Mussolino ME, Gillum RF. Low bone mineral density and mortality in men
and women: the third National health and nutrition examination survey
linked mortality file. Ann Epidemiol. 2008;18(11):847-50. https://doi.org/10.10
16/j.annepidem.2008.07.003.

Cai S, Fan J, Zhu L, Ye J,Rao X, Fan C, et al. Bone mineral density and osteo-
porosis in relation to all-cause and cause-specific mortality in NHANES: A
population-based cohort study. Bone 2020;141:115597. https://doi.org/10.10
16/j.bone.2020.115597.

Looker AC. Relationship between femur neck bone mineral density and
prevalent chronic obstructive pulmonary disease (COPD) or COPD mortal-
ity in older non-Hispanic white adults from NHANES IIl. Osteoporos Int.
2014,25(3):1043-52. https://doi.org/10.1007/500198-013-2601-5.

Van Der Klift M, Pols HA, Geleijnse JM, Van Der Kuip DA, Hofman A, De Laet
CE. Bone mineral density and mortality in elderly men and women: the Rot-
terdam Study. Bone 2002:30(4):643-8. https://doi.org/10.1016/58756-3282(02)
00670-1

Mussolino ME, Armenian HK. Low bone mineral density, coronary heart
disease, and stroke mortality in men and women: the third National health
and nutrition examination survey. Ann Epidemiol. 2007;17(11):841-6. https://
doi.org/10.1016/j.annepidem.2007.06.005.

Brozek W, Nagel G, Ulmer H, Concin H. Bone mineral density and breast
Cancer incidence and mortality in postmenopausal women: A Long-Term
Follow-Up study. J Womens Health (Larchmt) 2019,28(5):628-35. https://doi.o
rg/10.1089/jwh.2018.7310.

Handa R, Ali Kalla A, Maalouf G. Osteoporosis in developing countries. Best
Pract Res Clin Rheumatol. 2008;22(4):693-708.

Chin KY. A review on the performance of osteoporosis self-assessment tool
for Asians in determining osteoporosis and fracture risk. Postgrad Med.
2017;129(7):734-46. https://doi.org/10.1080/00325481.2017.1353394.

Huang JY, Song WZ, Zeng HR, Huang M, Wen QF. Performance of the osteo-
porosis Self-Assessment tool for Asians (OSTA) in screening osteoporosis
among Middle-Aged and old women in the Chengdu region of China. J Clin
Densitom. 2015;18(4):539-45. https://doi.org/10.1016/j,jocd.2015.01.001.
Yang Y, Wang B, Fei Q, Meng Q, Li D, Tang H, et al. Validation of an osteoporo-
sis self-assessment tool to identify primary osteoporosis and new osteopo-
rotic vertebral fractures in postmenopausal Chinese women in Beijing. BMC
Musculoskelet Disord. 2013;22:14:271. https://doi.org/10.1186/1471-2474-1
4-271.

Park HM, Sedrine WB, Reginster JY, Ross PD, OSTA. Korean experience with
the OSTA risk index for osteoporosis: a validation study. J Clin Densitom Fall.
2003;6(3):247-50. https://doi.org/10.1385/jcd:6:3:247.

Subramaniam S, Chan CY, Soelaiman IN, Mohamed N, Muhammad N, Ahmad
F, et al. The performance of osteoporosis self-assessment tool for Asians
(OSTA) in identifying the risk of osteoporosis among Malaysian population
aged 40 years and above. Arch Osteoporos. 2019;28(1):117. https://doi.org/10
.1007/511657-019-0666-2.

Agarwal K, Cherian KE, Kapoor N, Paul TV. OSTA as a screening tool to predict
osteoporosis in Indian postmenopausal women - a nationwide study. Arch
Osteoporos. 2022;10(1):121. https://doi.org/10.1007/511657-022-01159-w.
Gadong LCP, Cabral MT, Capellan ML, Ang-Golangco N. Prognostic perfor-
mance of predictive index for osteoporosis and osteoporosis Self-Assessment
tool for Asians in the identification of individuals high-risk for osteoporosis.
Osteoporos Sarcopenia 2020;6(3):115-21. https://doi.org/10.1016/j.afos.2020.
08.001.

Satyaraddi A, Shetty S, Kapoor N, Cherian KE, Naik D, Thomas N, et al. Perfor-
mance of risk assessment tools for predicting osteoporosis in South Indian
rural elderly men. Arch Osteoporos. 2017;12(1):35. https://doi.org/10.1007/s1
1657-017-0332-5.

Ghazi M, Mounach A, Nouijai A, Ghozlani |, Bennani L, Achemlal L, et al.
Performance of the osteoporosis risk assessment tool in Moroccan men. Clin
Rheumatol. 2007,26(12):2037-41. https://doi.org/10.1007/510067-007-061
1-4.

29.

30.

31.

32

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

45.

46.

47.

Page 11 of 12

Koh LK, Sedrine WB, Torralba TP, Kung A, Fujiwara S, Chan SP, Osteoporosis
Self-Assessment Tool for Asians (OSTA) Research Group. A simple tool to
identify Asian women at increased risk of osteoporosis. Osteoporos Int.
2001;12(8):699-705. https://doi.org/10.1007/5001980170070.

Gu D, Feng Q, Zeng Y. Chinese longitudinal healthy longevity study. Singa-
pore: Springer;2017.

Yi Z,Vaupel JW, Zhenyu X et al. Chinese Longitudinal Healthy Longevity
Survey (CLHLS), 1998-2005; 2009.

Ji JS, Zhu A, LvY, Shi X. Interaction between residential greenness and air
pollution mortality: analysis of the Chinese longitudinal healthy longevity
survey. Lancet Planet Health 2020:4(3):107-15. https://doi.org/10.1016/5254
2-5196(20)30027-9.

Wang R, Yu X, Wang Z, LiuY, Chen H, Liu S, et al. Blood lipid levels and all-
cause mortality in older adults: the Chinese longitudinal healthy longevity
survey 2008-2018. Epidemiol Health. 2022;44:22022054. https://doi.org/10.41
78/epih.e2022054.

Gao H, Wang K, Ahmadizar F, Zhao W, Jiang Y, Zhang L et al. (2021) Changes
in late-life systolic blood pressure and all-cause mortality among oldest-old
people in China: the chinese longitudinal healthy longevity survey. BMC
Geriatr. 18;21(1):562. https://doi.org/10.1186/512877-021-02492-4

Desquilbet L, Mariotti F. Dose-response analyses using restricted cubic spline
functions in public health research. Stat Med. 2010;30(299):1037-57. https://d
0i.0rg/10.1002/sim.3841.

Zhou J, Meng X, Deng L, Liu N. Non-linear associations between metabolic
syndrome and four typical heavy metals: data from NHANES 2011-2018.
Chemosphere. 2022;Mar(291Pt 2):132953. https://doi.org/10.1016/j.chemosp
here.2021.132953.

Regression M, Strategies-Frank E, Harrell Jr. 2nd ed. 2015.

Qu X, Huang X, Jin F, Wang H, Hao Y, Tang T, et al. Bone mineral density and
all-cause, cardiovascular and stroke mortality: a meta-analysis of prospective
cohort studies. Int J Cardiol. 2013;20(2):385-93. https://doi.org/10.1016/j.jjcar
d.2011.10.114.

GeY,ChenY, Liu G, Zhu S, Li B, Tian M, et al. Association between hip bone
mineral density and mortality risk after hip fracture: A prospective cohort
study. Calcif Tissue Int. 2023;113(3):295-303. https://doi.org/10.1007/50022
3-023-01109-9.

Veronese N, Stubbs B, Crepaldi G, Solmi M, Cooper C, Harvey NC, et al.
Relationship between low bone mineral density and fractures with incident
cardiovascular disease: A systematic review and Meta-Analysis. J Bone Min
Res. 2017;32(5):1126-35. https://doi.org/10.1002/jbmr.3089.

Choi CK, Kweon S, Lee Y, Nam H, Park K, Ryu S, et al. Nonlinear association
between bone mineral density and all-cause mortality: the Dong-gu study.
Osteoporos Int. 2018;29(9):2011-20. https://doi.org/10.1007/500198-018-438
6-z.

Xian G, Chai Y, Gong Y, He W, Ma C, Zhang X, Zhang J, Ma Y. The relationship
between healthy lifestyles and cognitive function in Chinese older adults: the
mediating effect of depressive symptoms. BMC Geriatr. 2024;24(1):299. https:
//doi.org/10.1186/512877-024-04922-5.

Wang J, Chen C, Zhou J,Ye L, Li Y, Xu L, Xu Z, Li X, Wei Y, Liu J, LvY, Shi X.
Healthy lifestyle in late-life, longevity genes, and life expectancy among older
adults: a 20-year, population-based, prospective cohort study. Lancet Healthy
Longev. 2023;4(10):e535-43. https://doi.org/10.1016/52666-7568(23)00140-X.
Wang W, Chen J, Jin X, Ping Y, Wu C. Association between indoor ventilation
frequency and cognitive function among community-dwelling older adults
in China: results from the Chinese longitudinal healthy longevity survey. BMC
Geriatr. 2022;22(1):106. https://doi.org/10.1186/512877-022-02805-1.

Kung AW, Ho AY, Ross PD, Reginster JY. Development of a clinical assessment
tool in identifying Asian men with low bone mineral density and comparison
of its usefulness to quantitative bone ultrasound. Osteoporosis international:
a journal established as result of cooperation between the European Founda-
tion for Osteoporosis and the National Osteoporosis Foundation of the USA,
2005;16(7), 849-855. https://doi.org/10.1007/500198-004-1778-z

Li-Yu JT, Llamado LJ, Torralba TP Validation of OSTA among Filipinos. Osteopo-
ros International: J Established as Result Cooperation between Eur Founda-
tion Osteoporos Natl Osteoporos Foundation USA. 2005;16(12):1789-93. http
s://doi.org/10.1007/500198-005-1929-x.

Chan SP, Teo CC, Ng SA, Goh N, Tan C, Deurenberg-Yap M. Validation of vari-
ous osteoporosis risk indices in elderly Chinese females in Singapore. osteo-
porosis international: a journal established as result of Cooperation between
the European foundation for osteoporosis and the National osteoporosis
foundation of the USA. 2006;17(8):1182-8. https://doi.org/10.1007/500198-00
5-0051-4


https://doi.org/10.1007/s00198-022-06317-x
https://doi.org/10.3389/fendo.2022.938399
https://doi.org/10.3389/fendo.2022.938399
https://doi.org/10.1002/jbm4.10390
https://doi.org/10.1002/jbm4.10390
https://doi.org/10.1016/j.annepidem.2008.07.003
https://doi.org/10.1016/j.annepidem.2008.07.003
https://doi.org/10.1016/j.bone.2020.115597
https://doi.org/10.1016/j.bone.2020.115597
https://doi.org/10.1007/s00198-013-2601-5
https://doi.org/10.1016/s8756-3282(02)00670-1
https://doi.org/10.1016/s8756-3282(02)00670-1
https://doi.org/10.1016/j.annepidem.2007.06.005
https://doi.org/10.1016/j.annepidem.2007.06.005
https://doi.org/10.1089/jwh.2018.7310
https://doi.org/10.1089/jwh.2018.7310
https://doi.org/10.1080/00325481.2017.1353394
https://doi.org/10.1016/j.jocd.2015.01.001
https://doi.org/10.1186/1471-2474-14-271
https://doi.org/10.1186/1471-2474-14-271
https://doi.org/10.1385/jcd:6:3:247
https://doi.org/10.1007/s11657-019-0666-2
https://doi.org/10.1007/s11657-019-0666-2
https://doi.org/10.1007/s11657-022-01159-w
https://doi.org/10.1016/j.afos.2020.08.001
https://doi.org/10.1016/j.afos.2020.08.001
https://doi.org/10.1007/s11657-017-0332-5
https://doi.org/10.1007/s11657-017-0332-5
https://doi.org/10.1007/s10067-007-0611-4
https://doi.org/10.1007/s10067-007-0611-4
https://doi.org/10.1007/s001980170070
https://doi.org/10.1016/S2542-5196(20)30027-9
https://doi.org/10.1016/S2542-5196(20)30027-9
https://doi.org/10.4178/epih.e2022054
https://doi.org/10.4178/epih.e2022054
https://doi.org/10.1186/s12877-021-02492-4
https://doi.org/10.1002/sim.3841
https://doi.org/10.1002/sim.3841
https://doi.org/10.1016/j.chemosphere.2021.132953
https://doi.org/10.1016/j.chemosphere.2021.132953
https://doi.org/10.1016/j.ijcard.2011.10.114
https://doi.org/10.1016/j.ijcard.2011.10.114
https://doi.org/10.1007/s00223-023-01109-9
https://doi.org/10.1007/s00223-023-01109-9
https://doi.org/10.1002/jbmr.3089
https://doi.org/10.1007/s00198-018-4386-z
https://doi.org/10.1007/s00198-018-4386-z
https://doi.org/10.1186/s12877-024-04922-5
https://doi.org/10.1186/s12877-024-04922-5
https://doi.org/10.1016/S2666-7568(23)00140-X
https://doi.org/10.1186/s12877-022-02805-1
https://doi.org/10.1007/s00198-004-1778-z
https://doi.org/10.1007/s00198-005-1929-x
https://doi.org/10.1007/s00198-005-1929-x
https://doi.org/10.1007/s00198-005-0051-4
https://doi.org/10.1007/s00198-005-0051-4

Pan et al. BMC Geriatrics

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

(2025) 25:199

Lu C, Chen D, CaiY, Wei S. Concordane of OSTA and lumbar spine BMD by
DXA in identifying risk of osteoporosis. J Orthop Surg Res. 2006;14. https://doi
.0rg/10.1186/1749-799X-1-14. 1.

Muslim D, Mohd E, Sallehudin A, Tengku Muzaffar T, Ezane A. Performance of
osteoporosis Self-assessment tool for Asian (OSTA) for primary osteoporosis
in Post-menopausal Malay women. Malaysian Orthop J. 2012;6(1):35-9. https:
//doi.org/10.5704/M0OJ.1203.011.

LiuM, Zhang Y, Cheng X, LuY, Li N, Gong Y, Pei Y, Li C. The effect of age on the
changes in bone mineral density and osteoporosis detection rates in Han
Chinese men over the age of 50. Aging Male: Official J Int Soc Study Aging
Male. 2014;17(3):166-73.

Chang SF, Yang RS. Determining the cut-off point of osteoporosis based

on the osteoporosis self-assessment tool, body mass index and weight in
Taiwanese young adult women. J Clin Nurs. 2014;23(17-18):2628-35. https.//
doi.org/10.1111/jocn.12483.

Zha XY, Hu'Y, Pang XN, Chang GL, Li L. Diagnostic value of osteoporosis self-
assessment tool for Asians (OSTA) and quantitative bone ultrasound (QUS)

in detecting high-risk populations for osteoporosis among elderly Chinese
men. J Bone Miner Metab. 2015;33(2):230-8. https://doi.org/10.1007/s0077
4-014-0587-5.

Nayak S, Edwards DL, Saleh AA, Greenspan SL. Systematic review and
meta-analysis of the performance of clinical risk assessment instruments for
screening for osteoporosis or low bone density. osteoporosis international: a
journal established as result of Cooperation between the European founda-
tion for osteoporosis and the National osteoporosis foundation of the USA.
2015,26(5):1543-54. https://doi.org/10.1007/500198-015-3025-1

Ma Z,Yang Y, Lin J, Zhang X, Meng Q, Wang B, Fei Q. BFH-OST, a new predic-
tive screening tool for identifying osteoporosis in postmenopausal Han
Chinese women. Clin Interv Aging. 2016;11:1051-9. https://doi.org/10.2147/C
IAS107675.

Moon JH, Kim LO, Kim HJ, Kong MH. Evaluation of the predictive index for
osteoporosis as a clinical tool to identify the risk of osteoporosis in Korean
men by using the Korea National health and nutrition examination survey
data. Korean J Family Med. 2016;37(6):346-50. https://doi.org/10.4082/kjfm.2
016.37.6.346.

Oh SM, Song BM, Nam BH, Rhee Y, Moon SH, Kim DY, Kang DR, Kim HC.
Development and validation of osteoporosis Risk-Assessment model for
Korean men. Yonsei Med J. 2016;57(1):18.

Huang JY, Song WZ, Huang M. Effectiveness of osteoporosis Self-Assessment
tool for Asians in screening for osteoporosis in healthy males over 40 years
old in China. J Clin Densitometry: Official J Int Soc Clin Densitometry.
2017;20(2):153-9. https://doi.org/10.1016/j,jocd.2017.01.003.

Satyaraddi A, Shetty S, Kapoor N, Cherian KE, Naik D, Thomas N, Paul TV. Per-
formance of risk assessment tools for predicting osteoporosis in South Indian

59.

60.

61.

62.

63.

64.

65.

67.

Page 12 of 12

rural elderly men. Archives Osteoporos. 2017;12(1):35. https://doi.org/10.1007
/s11657-017-0332-5.

Zhang X, Lin J,Yang Y, Wu H, Li Y, Yang X, Fei Q. Comparison of three tools for
predicting primary osteoporosis in an elderly male population in Beijing: a
cross-sectional study. Clin Interv Aging. 2018;13:201-9. https://doi.org/10.214
7/CIAS145741.

Fan Z, Li X, Zhang X, Yang Y, Fei Q, Guo A. Comparison of OSTA, FRAX and BMI
for predicting postmenopausal osteoporosis in a Han population in Beijing: A
cross sectional study. Clin Interv Aging. 2020;15:1171-80. https://doi.org/10.2
147/CIAS257166.

Suzuki T, Yoshida H. Low bone mineral density at femoral neck is a predictor
of increased mortality in elderly Japanese women. Osteoporos International:
J Established as Result Cooperation between Eur Foundation Osteoporos
Natl Osteoporos Foundation USA. 2010;21(1):71-9. https://doi.org/10.1007/50
0198-009-0970-6.

GeY,ChenY, Liu G, Zhu S, Li B, Tian M, Zhang J, Wu X, Yang M. Association
between hip bone mineral density and mortality risk after hip fracture: A
prospective cohort study. Calcif Tissue Int. 2023;113(3):295-303. https://doi.or
9/10.1007/500223-023-01109-9.

Iguacel I, Miguel-Berges ML, Gomez-Bruton A, Moreno LA, Julidn C. Veganism,
vegetarianism, bone mineral density, and fracture risk: a systematic review
and meta-analysis. Nutr Rev. 2019;77(1):1-18. https://doi.org/10.1093/nutrit/n
uy045.

Dawson-Hughes B, Harris SS. Calcium intake influences the association of
protein intake with rates of bone loss in elderly men and women. Am J Clin
Nutr. 2002;75(4):773-9. https://doi.org/10.1093/ajcn/75.4.773.

Lips P.Vitamin D status and nutrition in Europe and Asia. J Steroid Biochem
Mol Biol. 2007;103(3-5):620-5. https://doi.org/10.1016/,jsbmb.2006.12.076.
Shatrugna V, Kulkarni B, Kumar PA, Rani KU, Balakrishna N. Bone status

of Indian women from a low-income group and its relationship to the
nutritional status. osteoporosis international: a journal established as result
of Cooperation between the European foundation for osteoporosis and the
National osteoporosis foundation of the USA. 2005;16(12):1827-35. https://d
0i.0rg/10.1007/500198-005-1933-1

Chong B, Ganesan G, Lau TC, Tan KB. Cost-effectiveness of selective bone
densitometry using the osteoporosis self-assessment tool for Asians in multi-
ethnic Asian population. Archives Osteoporos. 2022;18(1):10. https://doi.org/
10.1007/511657-022-01200-y.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1186/1749-799X-1-14
https://doi.org/10.1186/1749-799X-1-14
https://doi.org/10.5704/MOJ.1203.011
https://doi.org/10.5704/MOJ.1203.011
https://doi.org/10.1111/jocn.12483
https://doi.org/10.1111/jocn.12483
https://doi.org/10.1007/s00774-014-0587-5
https://doi.org/10.1007/s00774-014-0587-5
https://doi.org/10.1007/s00198-015-3025-1
https://doi.org/10.2147/CIA.S107675
https://doi.org/10.2147/CIA.S107675
https://doi.org/10.4082/kjfm.2016.37.6.346
https://doi.org/10.4082/kjfm.2016.37.6.346
https://doi.org/10.1016/j.jocd.2017.01.003
https://doi.org/10.1007/s11657-017-0332-5
https://doi.org/10.1007/s11657-017-0332-5
https://doi.org/10.2147/CIA.S145741
https://doi.org/10.2147/CIA.S145741
https://doi.org/10.2147/CIA.S257166
https://doi.org/10.2147/CIA.S257166
https://doi.org/10.1007/s00198-009-0970-6
https://doi.org/10.1007/s00198-009-0970-6
https://doi.org/10.1007/s00223-023-01109-9
https://doi.org/10.1007/s00223-023-01109-9
https://doi.org/10.1093/nutrit/nuy045
https://doi.org/10.1093/nutrit/nuy045
https://doi.org/10.1093/ajcn/75.4.773
https://doi.org/10.1016/j.jsbmb.2006.12.076
https://doi.org/10.1007/s00198-005-1933-1
https://doi.org/10.1007/s00198-005-1933-1
https://doi.org/10.1007/s11657-022-01200-y
https://doi.org/10.1007/s11657-022-01200-y

	﻿Osteoporosis risk and its association with all-cause and cause-specific mortality among the elderly: a 16-year nationwide cohort study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design and participants
	﻿Definition of osteoporosis risk
	﻿Definition of mortality
	﻿Definition of covariates
	﻿Statistical analysis

	﻿Results
	﻿Descriptive analyses
	﻿Assessment of Cox proportional hazard regression models
	﻿Association of osteoporosis risk and mortality
	﻿Subgroup and sensitive analyses

	﻿Discussion
	﻿References


