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Abstract: Introduction: Osteoporosis is one of the major fundamental causes of fractures in individuals over 50 years old.
Preventing the first fragility fracture is the most cost-effective strategy for addressing osteoporosis. Therefore, identifying
individuals with a high risk of developing osteoporotic fractures is important to save limited medical resources. The Fracture
Risk Assessment Tool (FRAX) has been used globally for assessing fracture risk. However, the accuracy of FRAX still needs to
be improved partially because of the differences in race and socioeconomic status among nationalities. Methods: In this study, we
evaluated the effectiveness of FRAX in Chinese people. The factors not involved in FRAX were also evaluated for a correlation
with osteoporotic fracture risks. Results: Age, smoking status, alcohol intake, family history of osteoporotic fracture, diabetes
mellitus type II, Charlson Index, vitamin D intake, calcium intake, muscle strength, modified Barthel Index, the 3-level version
of EuroQol five dimensions questionnaire, and bone mineral density demonstrated significant differences between the fracture
and control groups. Our results also demonstrated that dual-energy X-ray absorptiometry (DEXA)-diagnosed osteoporosis (T <
—2.5) was the independent fracture risk factor. The effects of age, muscle strength, and Charlson Index on DEXA were found to
be statistically significant. People old over 60, muscle strength test supine leg lift less than 20 times per minute, aCCI scores
greater than or equal to 2, had lower DEXA T values (T <—2.5). Discussion: This work was a single-center study, showed social
economic status bias, and featured a limited number of cases. Therefore, multi-center studies are necessary in the future.
Conclusions: This study revealed that FRAX should be improved further in combination with other risk factors, including aCClI,
calcium intake, and muscle strength.

Keywords: Osteoporosis, Fracture, FRAX, Risk Factor

with increased relative mortality [3]. It is a disease largely
associated with the aging population, as a number of
mechanical, hormonal, behavioral, and other physiological
changes that occur across the human lifespan [4].
Postmenopausal women are more susceptible to osteoporotic
fracture [3, 5]. A recent study showed that in China, the
prevalence of osteoporosis in the elderly over 50 years old was
19.2%, with 6% in men and 32.1% in women. The prevalence
of osteoporosis in the elderly over 65 years of age was 32%,
with 10.7% in men and 51.6% in women [6]. Patients with
osteoporosis usually present with fractures after low-energy

1. Introduction

Osteoporosis is a systemic metabolic skeletal disease
characterized by decreasing bone mass and bone mineral
density (BMD), as well as deteriorating microarchitecture in
bone tissues, leading to bone fragility and elevated fracture
risk [1, 2]. Osteoporosis is one of the major fundamental
causes of fractures in individuals aged over 50, with
potentially serious and complex complications, including
bedsores, renal failure, and pneumonia, and it is associated
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trauma, such as a fall on the ground level, commonly of the
distal radius, which may precede more severe fractures, such
as fractures of the neck of femur [7]. Nevertheless,
osteoporotic patients are at risk of premature death [8].
Therefore, osteoporotic fractures have become a worldwide
problem and have dramatically increased the burden on
limited healthcare resources. Great efforts have been made to
develop better treatments for osteoporotic fractures.
Preventing the first fragility fracture is the most cost-effective
strategy for addressing osteoporosis [9]. For this purpose,
determining the risk factors for osteoporotic fractures is
important to identify individuals with a high risk of fractures.
Currently, the Fracture Risk Assessment Tool (FRAX), a
computer-based algorithm that uses selected clinical risk factors
to estimate a 10-year probability of hip and major osteoporotic
fracture, is the most commonly used clinical tool recommended
by the World Health Organization (WHO) for clinical decision
making [10]. BMD combined with clinical risk scores can

predict individuals who are at a high risk of fragility fracture [2].

The FRAX tool has been made available for 66 countries [11].
However, it is still necessary for each country to develop its
own version of FRAX considering the differences in race and
socioeconomic situations [12]. Thus far, there has been no
specific Chinese recommendation for FRAX intervention
thresholds based on updated Chinese epidemiological data on
fracture incidence and its influencing factors [13]. In particular,
some risk factors included in FRAX may be specific to
Caucasians and may not be applicable to Asians [14].

In this study, the risk factors of primary osteoporotic fractures
were examined using a case-control design. In addition to the
parameters required by FRAX, other potential risk factors,
including exercise habits, smoking status, diabetes history,
pharmacohistory, muscle strength, and age-adjusted Charlson
comorbidity index (aCCI), were also collected through a
questionnaire and compared. The objectives of this study were to
(1) identify the major risk factors for primary fracture and to (2)
evaluate the positive predictive value of FRAX.

2. Methods
2.1. Subjects

This clinical study was reviewed and approved by the
ethical committee for medical research of the University of
Hong Kong-Shenzhen Hospital and registered at the Chinese
Clinical Trail Registry (Clinical registration number:
ChiCTR2000030927). A case-control study (with a level of
evidence of 3) was conducted in which each subject
underwent BMD measurement and questionnaire evaluation
at the University of Hong Kong-Shenzhen Hospital. The
patients were enrolled between January 2018 and April 2020
and assigned to either the fracture group or the control group
according to predetermined criteria.

The fracture group inclusion criteria were as follows: (1)
first-time fracture, (2) fracture occurring within one month,
and (3) age 5085 years at the time of enrollment. The fracture
group exclusion criteria were as follows: (1) pathological
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fractures; (2) high-energy traumatic fracture; (3) secondary
osteoporotic fractures, such as those caused by endocrine and
metabolic diseases, connective tissue diseases, kidney
diseases, digestive tract diseases, neuromuscular system
diseases, blood system diseases, organ transplantation, and
drugs; (4) prisoners; (5) mental disorders; and (6) cognitively
unable to understand the study.

The control group inclusion criteria were (1) age 50-85
years old at the time of enrollment and (2) no history of
fracture. The control group exclusion criteria were (1)
prisoners, (2) mental disorders, and (3) poor cognitive ability.

2.2. Data Source

Dual-energy X-ray absorptiometry (DEXA) and all forms
of questionnaire evaluations, which consisted of basic
information, drug history, chronic history, fall risk assessment
and fracture site, age-adjusted Charlson comorbidity index
(aCClI), modified Barthel Index (MBI), and a locally validated
3-level version of EuroQol five dimensions questionnaire
(EQ-5D-3L, which was converted to time-trade-off (TTO) in
data analysis.), were used for the patients’ assessment.

2.3. Data Collection and Analysis

In this study, osteoporosis was determined using DEXA
with a BMD T-score less than or equal to —2.5, and osteopenia
was defined as a T-score between —1.0 and -2.5, as
recommended by the WHO. Subjects with a T-score greater
than —1.0 were considered normal [15, 16]. Pre-injury MBI
and EQ-5D-3L were measured using questionnaires.

Statistical analyses were performed using SPSS. Continuous
variables were expressed as the mean + standard deviation or
median (range). Categorical variables were compared using
Pearson’s chi-square test, and continuous variables were
compared using an independent T-test in the univariate analysis.
The significant risk factors were further evaluated using
multivariate logistic regression. The covariates that were
controlled during multivariate analysis for outcome analysis
were age, smoking, alcohol intake, parents’ previous fracture
history, diabetes mellitus type II, vitamin D or calcium intake,
aCCI, muscle strength test, MBI, EQ-5D-3L, and DEXA.
Statistical significance was set to p < 0.05.

3. Results

3.1. Patient Characteristics

The clinical characteristics of the patients recruited in the
fracture and control groups are summarized in Supplementary
Table 1. A total of 84 subjects, 41 in the fracture group and 43
in the control group, were recruited. Among the subjects, 19
were men and 65 were women, with a median age of 63.5
years (range 51-85 years). Table 1 presents the details of their
baseline characteristics.

Osteoporosis was defined as a BMD T-score lower than
2.5 in at least one region of measurement [17]. The numbers
of osteoporotic, osteopenia, and normal patients were 47,
28, and 9, respectively.



The demographic statuses of the two groups were compared
and are shown in Table 1. According to the univariate analysis,
the fracture group had greater age (p < 0.001), aCCI (p=0.001),
muscle strength (p < 0.001), TTO (p=0.001), and BMD
(»=0.001); a higher incidence of smoking status (p=0.045),
alcohol intake (p=0.013), parental fracture history (p=0.031),
diabetes mellitus type II (p=0.036), vitamin D intake
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(»=0.045), and calcium intake (p=0.001); and a subnormal
Barthel Index (p=0.009).
Table 2 shows the fracture types in the fracture group.

Femoral neck

fractures,

intertrochanteric  fractures,

thoracolumbar fractures, and distal radius fractures were the

main fracture forms in the fracture group.

Table 1. Clinical characteristics.

Parameters Total numbers for two groups Fracture group Control group P
Frequency 84 41 43

Gender 0.088
Male 19 (22.62%) 6 (14.63%) 13 (30.23%)

Female 65 (77.38%) 35 (85.37%) 30 (69.77%)

Age, years, median (range) 63.5 (51-85) 71 (52-85) 61 (51-74) 0.000%**
Body mass index (kg/m?) 23.59+2.82 23.31£2.71 23.87+2.93 0.365
Smoking 0.045*
No 80 (95.24%) 41 (100%) 39 (90.7%)

Yes 4 (4.76%) 0 (0) 4 (9.3%)

Alcohol intake 0.013*
No 78 (92.86%) 41 (100%) 37 (86.05%)

Yes 6 (7.14%) 0 (0) 6 (13.95%)

Parents Previous Fracture History 0.031%*
No 76 (90.48%) 40 (97.56%) 36 (83.72%)

Yes 8(9.52%) 1 (2.44%) 7 (16.28%)

Amount of exercise 0.0897
None 25 (29.76%) 13 (31.71%) 12 (27.91%)

Less 39 (46.43%) 19 (46.34%) 20 (46.51%)

More 20 (23.81%) 9 (21.95%) 11 (25.58%)

Diabetes mellitus type II 0.036*
No 69 (82.14) 30 (73.17%) 39 (90.7%)

Yes 15 (17.86) 11 (26.83%) 4 (9.3%)

Rheumatoid arthritis 0.283
No 80 (95.24%) 38 (92.68%) 42 (97.67%)

Yes 4 (4.76%) 3(7.32%) 1 (2.33%)

aCCI 0.001**
0~1 24 (28.57%) 7 (17.08%) 17 (39.53%)

2~3 40 (47.62%) 17 (41.46%) 23 (53.49%)

>=4 20 (23.81%) 17 (41.46%) 3 (6.98%)

Vitamin D intake 0.045%*
No 80 (95.24%) 41 (100%) 39 (90.7%)

Yes 4 (4.76%) 0 (0) 4 (9.3%)

Calcium intake 0.001**
No 74 (88.1%) 41 (100%) 33 (76.74%)

Yes 10 (11.9%) 0 (0) 10 (23.26%)

Drug for Hypertension 0.703
No 59 (70.24%) 28 (68.29%) 31 (72.09%)

Yes 25 (20.76%) 13 31.71%) 12 (27.91%)

Drugs for diabetes 0.109
No 71 (84.52%) 32 (78.05%) 39 (90.7%)

Yes 13 (15.48%) 9 (21.95%) 4 (9.3%)

Muscle strength test* 0.000%%**
Unqualified (<10) 28 (33.33%) 21 (51.22%) 7 (16.28%)

Qualified (10-20) 13 (15.48%) 9 (21.95%) 4 (9.3%)

Excellent (>=20) 43 (51.19%) 11 (26.83%) 32 (41.42%)

MBI 0.009**
61~99 6 (7.14%) 6 (14.63%) 0 (0%)

100 (Normal) 78 (92.86%) 35 (85.37%) 43 (100%)

TTO, Mean + SD 0.61+0.06 0.63+0.05 0.59+0.07 0.001**
DEXA, T -3.24+1.07 -2.29+1.05 0.001**
Osteoporosis (T<-2.5) 47 (55.95%) 33 (80.49%) 14 (32.56%)

Osteopenia (-2.5<T<-1) 28 (33.33%) 7 (17.07)% 21 (48.84%)

Normal (T>-1) 9 (10.72%) 1 (2.44%) 8 (18.6%)

Muscle strength test*: Unqualified means supine leg lift less than 10 times per minute; Qualified means 10-20 times per minute; Excellent means more than 20

times per minute.
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Table 2. Fracture types in the fracture group.

Fracture types Fracture group (n=41)

Femoral neck fracture 9 (21.95%)

Intertrochanteric fracture 6 (14.63%)
Compression fracture of lumbar vertebra 8 (19.51%)
Compression fracture of thoracic vertebra 6 (14.63%)
Thoracolumbar vertebral compression 4(9.77%)
fractures

Distal Radius Fractures 6 (14.63%)
Tibial proximal fracture 1(2.44%)
Proximal humeral fractures 1(2.44%)

3.2. Data Analysis

Table 3 shows the binary logistic regression analysis of the
factors related to osteoporosis fracture. The factors included in
the model were age, smoking, alcohol intake, parents’
previous history, diabetes II, vitamin D or calcium intake,
aCClI, muscle strength test, MBI, TTO, and DEXA.

Patients who were diagnosed with osteoporosis (T < —2.5)
showed a greater risk of fracture (OR=15.96, 95% CI=0.33—
776.48, P=0.001) (Figure 1). The binary logistic regression
analysis showed that DEXA-diagnosed osteoporosis (T <-2.5)
was the independent fracture risk factor. The fracture
probability of a low T value (T <—2.5) was high.

Table 3. Binary logistic regression analysis of the factors related to
osteoporosis fracture.

Parameters OR (95%CI) P
DEXA, T 0.001**
Normal (T>-1) 1.00

Osteoporosis (T<-2.5) 15.96 (0.33-776.48)

100+
n=33
80
60
404 n=14

20+

Osteoporosis patients in each group(%)

Figure 1. Ratio of osteoporosis patients in each group.

Table 4. Covariance analysis of factors related to DEXA.

Parameters F P

Age*MBI*TTO 0.616 0.607
Age 3.57 0.033
Muscle strength*MBI*TTO 0.361 0.781
Muscle strength 5.884 0.004
aCCI*MBI*TTO 0.282 0.838
aCCI 3.391 0.039

Table 4 shows the covariance analysis of the factors related
to DEXA. The effects of age, muscle strength, and Charlson
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index on DEXA were statistically significant.

Figures 2—4 show the effects of age, muscle strength, and
Charlson index on DEXA. Significant differences were found
between the 70-85 age group and the 6069 and 50-59 age
groups but not between the 60—-69 and 5059 age groups (Figure
2). Significant differences were found between the excellent
muscle strength group and the qualified muscle strength and the
unqualified muscle strength groups but not between the qualified
muscle strength group and the unqualified muscle strength group
(Figure 3). A significant difference was found between aCCI
scores > 4 and 0—1 group but not between aCCI scores 2-3 and >
4 and the 01 group (Figure 4).

Based on the above analysis, we can come to conclusion
that people old over 60, muscle strength test supine leg lift less
than 20 times per minute, aCCI scores greater than or equal to
2, had lower DEXA T values (T < —2.5). So there people have
a higher risk of fracture.
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Figure 3. Effects of muscle strength on DEXA.

aCCl0:0~1
aCCl1:2~3
Ly aCCl2:>=4
0 < "
1 :_._’ o 0
<21 kol ":E c
Wil o /% o -
'i.:;. Y [ ]
44 .i...
.5 °
* % %k
6 r . .
) N 93
o o o
& & &

Figure 4. Effects of aCCI on DEXA.

The 10-year probability of a major osteoporotic fracture
calculated by FRAX is shown in Figure 5. The positive
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predictive value of FRAX at the time of the patients’
recruitment was 9.87%. Significance between the two groups
was observed for a major osteoporotic fracture. The incidences
of major osteoporotic fractures in the fracture group were
significantly higher than those in the control group.

20+
154

10+

The ten-year probability of
major osteoporotic fracture(%)

Figure 5. The ten-year probability of major osteoporotic fracture in two
groups.

4. Discussion

A proper intervention can reduce fracture risk. To prevent
fractures, a common clinical practice is to recommend that
people have both 30 min of walking exercise and gentle
anaerobic exercises per day. Patients should also be counseled
to avoid cigarette smoking and excessive alcohol intake. The
recommended dietary allowance (RDA) for calcium is 1,000,
1,000, and 1,200 mg/d for women above 50 years old, for men
aged 19-70 years old, and for men above 70 years old. The
RDA for vitamin D is 600 IU/d for men and women aged 19—
70 years and 800 IU/d for those older than 70 years [1]. In
some cases, aside from recommending daily exercises and
taking calcium and vitamin D, doctors also use drugs to either
inhibit osteoclasts or promote osteoblasts based on patients’
osteogenic and osteoclastic activity.

No matter what kind of intervention is applied, the most
important thing is to identify subjects who are at high risk of
osteoporosis fractures. The FRAX tool has been used globally for
the purpose of fracture risk assessment [16], in which risk factors,
including age, sex, height, weight, prior fracture, parental fracture
history, smoking, drinking, taking adrenocortical hormone,
rheumatoid arthritis, secondary osteoporosis, and BMD, are
integrated to provide a 10-year probability of hip fracture and
major osteoporotic fracture. Although the FRAX algorithm does
not consider recency, number, severity, or site of prior fracture, it
is still helpful in identifying individuals with a high risk of bone
fracture as an indicator for clinical treatment [16]. Furthermore,
country-specific FRAX models evaluate and revise the algorithm
according to performance in different regions, making FRAX the
most prevalent prognostication tool so far [1].

However, the accuracy of FRAX still needs to be improved.
Lelia et al. used the Australian FRAX scores to evaluate

women with impaired fasting glucose and diabetes and found
that FRAX calculations, including BMD, might not be
accurate in estimating fractures in those with diabetes [18].
Povoroznyuk et al. found that the Ukrainian FRAX model
could enhance the accuracy of determining fracture
probability among the Ukrainian population and help guide
decisions about treatment [19]. Moreover, it is unclear
whether FRAX is useful in making individualized treatment
decisions, although FRAX has been recalibrated in many
Asian regions using the corresponding population-based data
in these regions [14]. Furthermore, the epidemiological survey
data of osteoporosis fractures are insufficient and incomplete,
and fracture incidence is underestimated. To better adapt to
the health of the Chinese population, other potential risk
factors were also evaluated in this study, such as drug history,
chronic history, fall risk assessment, fracture site, aCCI, MBI,
and EQ-5D-3L.

Our findings showed that risk factors, including age,
smoking status, alcohol intake, family history of osteoporotic
fracture, diabetes mellitus type II, aCCI, vitamin D intake,
calcium intake, muscle strength, MBI, EQ-5D-3L, and BMD,
had a significant difference between the fracture and control
groups. Moreover, DEXA-diagnosed osteoporosis (T < —2.5)
was the independent fracture risk factor. The effects of age,
muscle strength, and Charlson index on DEXA were
statistically significant. People old over 60, muscle strength test
supine leg lift less than 20 times per minute, aCCI scores greater
than or equal to 2, had lower DEXA T values (T <-2.5).

The possibility of major osteoporotic fractures as predicted
by FRAX was greater in the fracture group than in the control
group. However, the positive predictive value of FRAX for a
major osteoporotic fracture was only 9.87%, suggesting that
FRAX underestimated fracture risks. Therefore, a more
effective prediction tool or an improved FRAX should be
developed.

5. Conclusion

Our results showed that DEXA-diagnosed osteoporosis (T
< —2.5) was the independent fracture risk factor. People old
over 60, muscle strength test supine leg lift less than 20 times
per minute, aCCI scores greater than or equal to 2, had lower
DEXA T values (T < —2.5). This study suggested that FRAX
underestimated fracture risks and FRAX should be improved
further in combination with other risk factors, including aCCI,
calcium intake, and muscle strength.

6. Limitations and Suggestions

Current evidence suggests that a decision aid incorporating
FRAX may improve patient knowledge, but no effect on the
rates of treatment initiation or adherence has been
demonstrated [20]. This work was a single-center study,
showed social economic status bias, and featured a limited
number of cases. Therefore, multi-center studies are necessary
in the future. A large Chinese database of osteoporosis should
be established by standardizing the data format among
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hospitals in mainland China. By combining artificial
intelligence and big data, it is possible to reveal more key risk
factors for osteoporotic bone fractures and to help improve
clinical treatments for patients.
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