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Objective: This study aimed to explore the clinical value of the fracture risk assessment tool
(FRAX) in the fracture risk prediction of Chinese patients after replacing rheumatoid arthritis
(RA) with type 2 diabetes mellitus (T2DM) in the FRAX algorithm.

Methods: A total of 1,047 patients with T2DM from the Endocrinology Department of the
Third Affiliated Hospital of Nanchang University were enrolled in this study. Dual-energy
X-ray absorptiometry (DXA) was then used to detect their bone density. RA in the FRAX
algorithm was replaced with T2DM, and the new RA-adjusted FRAX was used to assess the
fracture risk of the patients.

Results: The sensitivity, specificity, and Youden’s index of the RA-adjusted FRAX to the
treatment opinions on T2DM-associated hip fractures were 0.4761, 0.9642, and 0.4403,
respectively, while the sensitivity, specificity, and Youden’s index of RA-adjusted FRAX to
the treatment opinions on T2DM-associated major bone osteoporotic fractures were 0.0080,
1.0000, 0.0080, respectively. The DXA and RA-adjusted FRAX both showed acceptable
consistency in the treatment recommendations for hip fractures in patients with T2DM (k =
0.49) but had poor consistency in treatment recommendations for major bone osteoporotic
fractures (k = 0.010). The body mass index (BMI) scores, femoral neck-bone mineral
densities, and number of males in the same treatment opinion group were significantly higher
than in the different treatment opinions group (P < 0.001).

Conclusion: RA-adjusted FRAX is a useful clinical tool for evaluation of hip fracture risk
for Chinese patients with T2DM, and the accuracy of fracture risk prediction for male
patients with T2DM and patients with T2DM with high BMI scores or high femoral neck-
bone mineral density is higher.
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Introduction
The number of diabetic patients has continued to increase in recent years: world-
wide, there were 371 million patients with diabetes in 2012, which increased to
382 million in 2013."* According to the results of mathematical modeling, there
will be 552 million people with diabetes worldwide by 2030.2

Osteoporosis (OP) is a common bone disease characterized by decreased bone
mass and the destruction of bone microstructure, which leads to decreased bone

strength, increased fragility, and increased risk of fractures, further causing pain,
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impaired function, a decline in quality of life, and death.’
One of the most serious consequences of OP is fracture,
with the most common site of fracture being the thoraco-
lumbar vertebrae, hips, and forearms.

Many studies have revealed a correlation between dia-
betes and OP and found that the risk of fracture in diabetic
patients is significantly increased.®'® The bone quality of
patients with T2DM is poorer and the risk of osteoporotic
fracture therefore significantly higher than that of non-
diabetic patients.'' "> Therefore, early identification of
high fracture risk in these patients, and the administration
of anti-OP treatment, can significantly reduce their fracture
risk.

In current clinical practice, the standard diagnostic
technique for assessing OP, predicting fracture risk, and
monitoring treatment is measuring bone mineral density
(BMD) using dual-energy X-ray absorptiometry (DXA).
However, patients with T2DM often have an increased
risk of osteoporotic fractures even when they have
a normal or higher BMD.”*'*2° Therefore, BMD cannot
always reliably indicate the fracture risk of patients with
T2DM. The fracture risk assessment tool (FRAX) is
widely used to assess the 10-year probability of major
fracture (PMF) or hip osteoporotic fractures and the 10-
year probability of major osteoporotic fractures (PMOF;
such fractures include the clinical spine, forearms, hips, or
shoulders). It is undertaken using computer software that
combines the probability of fracture with a variety of
clinical risk factors and the BMD of the femoral neck.
However, many studies have found that FRAX can under-
estimate the risk of fracture in patients with T2DM.?' The
purpose of the present study is to evaluate patients with
T2DM using FRAX with RA as the equivalent variable of
T2DM and to correct the predictive value of fracture risk
in patients with T2DM, thereby exploring the clinical
value of RA-adjusted FRAX as a fracture risk prediction
tool in the risk assessment of T2DM-associated osteoporo-
tic fractures.

Subjects and Methods

Subjects

A total of 1,047 patients with T2DM who were hospita-

lized in the Endocrinology Department of the Third

Affiliated Hospital of Nanchang University between

January 2019 and December 2019 were enrolled.
Inclusion criteria: (1) Patient met the diagnostic criteria

for T2DM established by the World Health Organization

(WHO) in 1999; (2) aged 40-90; (3) patient was aware of
the research and voluntarily cooperated.

Exclusion criteria: (1) Patient had type 1 diabetes mel-
litus (T1DM) or other types of diabetes; (2) patient had
recently used drugs that affect bone metabolism; (3)
patient had severe heart, lung, liver, or kidney disease;
(4) patient had malignant tumors; (5) patient was pregnant.

Methods

A standardized questionnaire was used to collect and record
the name, gender, age, lifestyle habits (current smoking
behavior, daily alcohol intake, etc.), past history (past history
of fractures, history of rheumatoid arthritis, secondary osteo-
porosis, cirrhosis, etc.), medication (long-term use of gluco-
corticoid drugs, etc.), family history (parental hip fracture
history, etc.). The height, weight, and body mass index (BMI)
of each patient were measured according to uniform stan-
dards. BMI = weight/height” (unit: kg/m?).

Glycated hemoglobin (HbAlc) and BMD detection:
A high-performance liquid chromatography (HPLC) ion-
exchange method (Huizhong MQ-2000PT) was used to
determine the level of HbAlc. Professionally trained
fixed operators used DXA (Hologic Explorer, USA) to
perform scans on the patients. The BMD and T value of
the spine and femur were obtained from the test data. The
patients were classified according to the 1995 WHO diag-
nostic criteria for OP: OP = T < 2.5; bone loss = -2.5 <
T < —1; normal bone mass = T > —1. For premenopausal
women and men under the age of 50, BMD was deter-
mined by the Z-value of the same race.

FRAX index calculation: The FRAX online platform
was accessed and the Asian-China Assessment System
used to calculate the probability of hip fracture and any
major osteoporotic fracture in the next 10 years. The risk
factors in the FRAX algorithm include age, gender, height,
weight, history of previous fractures, parents’ history of
hip fractures, current smoking behavior, long-term use of
corticosteroids, history of RA, daily alcohol intake of 3
units or more, secondary OP, and femoral neck-bone den-
sity. For the present study, the history of RA was replaced
with T2DM in the algorithm. Using the 10-year probabil-
ity of hip fracture >3% or the 10-year probability of any
major osteoporotic fracture >20% as the treatment thresh-
old, the treatment recommendations were calculated.
According to the FRAX-RA evaluation results, it is
recommended to start anti-osteoporosis therapy if the
probability of hip fracture within 10 years is >3% and
the patient is at high risk of fracture. On the contrary, anti-
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osteoporosis therapy is not recommended for patients with
low fracture risk. If the probability of osteoporotic fracture
at the main site is >20% within 10 years, anti-osteoporosis
therapy is recommended for patients with high fracture
risk; otherwise, anti-osteoporosis therapy is not recom-
mended for patients with low fracture risk.

Statistical Analysis

The data were processed using SPSS 22.0. P < 0.05 was
considered statistically significant. The measurement data
were expressed as mean + standard deviation (x + SD). All
non-normally distributed parameters were logarithmically
converted before statistical analysis. Count data were com-
pared using an X* test. Measurement data were evaluated
using a t-test or analysis of variance (ANOVA). The eva-
luation index of diagnostic ability included sensitivity,
specificity, and Youden’s index. The consistency analysis
was performed using the « test: k¥ < 0.4 indicated poor
consistency, 0.4 < k < 0.7 indicated medium consistency,
and « > 0.7 indicated good consistency.

Results

General Patient Data

A total of 1,047 patients with T2DM were included in this
study. Among these, 592 were male and 455 were female.
Table 1 shows the general clinical characteristics of the
patients.

Of the total number of patients, 376 had OP (35.91%),
494 had low BMD (47.18%), and 177 had normal BMD
(16.91%). The number of females was significantly higher
in the OP group than in the low BMD group and normal
BMD group (P < 0.05). However, there was no significant
difference between the low BMD group and normal BMD
group in the ratio of males to females (P > 0.05). There were
significant differences in age, weight, height, and BMI score
between the three groups (P < 0.05), and it was found that

BMD decreased as age increased and weight, height, and
BMI score decreased. No significant difference was found
between the groups in HbAlc (P>0.05).

Evaluating the Sensitivity, Specificity, and
Youden’s Index of Anti-OP Treatment in
Patients with T2DM Using RA-Adjusted

FRAX
In this study, 376 patients had OP and 671 patients had
either low or normal BMD. The RA-adjusted FRAX pre-
dicted that, for major sites, three patients had high fracture
risk and 1,044 had a lower fracture risk, while for the hip,
203 patients were predicted to have high fracture risk and
844 patients to have a lower fracture risk (Table 2).
Table 3 shows the sensitivity, specificity, positive pre-
dictive value, negative predictive value, and Youden’s
index of RA-adjusted FRAX in evaluating the initiation
of anti-OP therapy in patients with T2DM using DXA as
a reference. Consistency analysis revealed that, when the
treatment threshold was defined as the probability of hip
fracture >3% within 10 years, it was consistent with the
DXA results (k =0.49, P <0.001) and the consistency was
acceptable; when the treatment threshold was defined as
the probability of any major osteoporotic fracture >20%, it
was consistent with the DXA results (x = 0.010, P <
0.001) but the consistency was poor.

Comparison of Basic Data Between the

Two Groups

The patients were divided into two groups based on the results
of the DXA and RA-adjusted FRAX hip fracture risk assess-
ment: a same treatment opinion group (both DXA and RA-
adjusted FRAX suggested starting anti-OP treatment or not)
and a different treatment opinions group (DXA and RA-
adjusted FRAX differed on whether to start anti-OP treatment

Table 1 General Clinical Characteristics of T2DM Patients (X * SD)

Index Osteoporosis (n=376)
Gender(male/female) 135/241°°

Age(year) 64.35+8.99"
Weight(Kg) 59.01+9.36"

Height(cm) 156.63+8.03°
BMI(kg/m?) 24.04+3.27%

BMD *(g/cm?) 0.58+0.09°

HbAIC (%) 9.19+2.59°f

Low BMD (n=494) Normal BMD (n=177)
337/157¢ 120/57

59.96+9.04° 55.77+9.92
66.91+10.57° 71.55+11.89
162.84+8.04¢ 164.38+7.94

25.18+3.25° 26.39+3.28

0.72+0.08° 0.85+0.09

8.96+2.34° 9.06+2.42

Notes: *Femoral neck bone density; "Compared with the normal bone density group, P<0.001;

normal BMD group, P<0.05; “Compared with the normal BMD group, P>0.05; {Compared with the low BMD group, P>0.05.

“Compared with the low bone density group, P<0.001; “Compared with the
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Table 2 Analysis of Fracture Risk Assessment Results of RA-Adjusted FRAX and DXA in Patients with T2DM (Cases)
Project DXA
Osteoporosis (n) Low Bone Density, Normal Bone Density(n) Total(n)
RA-adjusted FRAX (PMOF)
High fracture risk (n) 3 0 3
Low fracture risk (n) 373 671 1044
Total (n) 376 671 1047
RA-adjusted FRAX (PHF)
High fracture risk (n) 179 24 203
Low fracture risk (n) 197 647 844
Total (n) 376 671 1047

Table 3 Diagnostic Ability of RA-Adjusted FRAX in T2DM Patients Who Need to Initiate Anti-Osteoporosis Therapy

RA-Adjusted FRAX(PMOF) RA-Adjusted FRAX(PHF)
Sensitivity 0.0080 0.4761
Specificity 1.0000 0.9642
Positive predictive value 1.0000 0.8818
Negative predictive value 0.6427 0.7666
Youden index 0.0080 0.4403

or not). Table 4 shows that there was a significant difference in
gender between the same treatment opinion group and the
different treatment opinions group (P < 0.05), and the number
of males was significantly higher in the same treatment opi-
nion group than in the different treatment opinions group. BMI
scores and femoral neck BMDs were significantly higher in
the same treatment opinion group than in the different treat-
ment opinions group (P < 0.05). However, there were no
significant differences in age and HbAlc between the same
treatment opinion group and the different treatment opinions
group (P >0.05).

Discussion

T2DM and OP are the two most common metabolic endo-
crine diseases in the middle-aged and elderly, and their
prevalence increases gradually with age. Patients with

T2DM have an increased risk of fracture, especially hip
fractures, and their RR values range from 1.2 to 1.7.'#2%72¢
However, the underlying mechanism of the increased risk
of fracture in patients with T2DM with normal or higher
BMD remains unclear.”’® Some current studies have
concluded that non-enzyme-promoting glycosylation of
T2DM leads to the accumulation of advanced glycation
end-products (AGE) in the organic bone matrix, decreas-
ing bone strength and increasing bone fragility.?*>? In
middle-aged and elderly people, the level of estrogen is
the absorption of calcium is
decreased, 1, 25-(OH),, and Dj production in the kidney

are decreased, and secondary hyperparathyroidism occurs

decreased, intestinal

and promotes bone resorption.** In patients with T2DM,
adipose tissue, especially visceral fat, may have a negative
impact on bone health by secreting adipokines and

Table 4 Clinical Data of T2DM Patients Provided by RA-Adjusted FRAX and DXA in the Same Treatment Opinion Group and the

Different Treatment Opinions Group

The Same Treatment Opinion Group The Different Treatment Opinions Group P value
n=826 n=221
Age(year) 60.88+9.90 60.66+8.66 0.746
Gender(male/female) 491/335 101/120 <0.001
BMl(kg/m?) 25.21%3.32 24.08+3.36 <0.001
HbAIC(%) 9.03+2.39 9.18+2.67 0.462
Femoral neck BMD(g/cm?) 0.71+0.13 0.63+0.06 <0.001
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inflammatory factors that increase bone resorption.'® The
accumulation of bone-marrow fat may also increase the
risk of fracture in these patients.”**

As a fracture risk assessment tool recommended by
WHO, FRAX is economical, convenient, and easy to
operate. Using this tool, individual fracture risk can be
assessed according to clinically available risk factors
with or without BMD, providing a way for clinicians to
identify the high risk of fracture early and make appro-
priate treatment decisions. However, it has some limita-
tions: FRAX is only suitable for people not undergoing
anti-OP treatment, and it does not include many other risk
factors, such as dosage and course of glucocorticoid appli-
cation and the etiology and type of secondary OP or
diabetes mellitus. In the present study, only the previous
fracture history was considered, and the frequency, type,
and severity of previous fractures were not included.

T2DM, independent of other risk factors, significantly
increases the risk of fracture; however, the clinical risk factors
included in the FRAX algorithm do not include T2DM. In
response to this, Schacter et al*> and Leslie et al*® made some
suggestions for improving FRAX’s prediction of fracture risk
in patients with T2DM, such as the equivalent replacement of
RA with T2DM in the algorithm, increasing the trabecular
bone score (TBS) value of the lumbar spine, decreasing the
T value of the femoral neck by 0.5 SD, and increasing the age

by 10 years. Leslie et al*®

found that implementing all these
suggestions was better than the unadjusted FRAX score but
implementing none of them was also better. As such, these
adjustments can improve FRAX’s assessment of fracture risk
in patients with T2DM to a certain extent. In the present study,
to improve the accuracy of FRAX in the fracture risk assess-
ment of T2DM patients, RA was chosen as the equivalent
variable of T2DM based on the Chinese expert consensus on
the fracture risk management of diabetic patients.” However,
the specific clinical predictive value of RA-adjusted FRAX in
patients with T2DM remains unclear.

The present study found that BMD decreases as age
increases and BMI score decreases and that the incidence
of OP in women is significantly higher than in men. This is
consistent with previous studies.'”***! A number of stu-
dies have also suggested that there is a negative correlation
between BMD and HbAlc in patients with T2DM,***
but the present study found no significant difference in
HbAI1C level between the groups.

In this study, it was concluded that RA-adjusted FRAX
with a 10-year hip fracture probability of >3% as the threshold
was more consistent with DXA than with a major

osteoporosis-fracture probability of >20% as the threshold. It
can be considered that a RA-adjusted FRAX threshold with
a hip fracture risk of >3% is of higher diagnostic value, while
a RA-adjusted FRAX threshold with a probability of >20% of
any major osteoporosis-related fracture may lead to missed
diagnosis of osteoporosis in type 2 diabetes patients and delay
their treatment. However, the sensitivity of RA-adjusted
FRAX with hip fracture risk >3% as a treatment threshold is
still not satisfactory. Further research and analysis are needed
to determine the intervention threshold of RA-adjusted FRAX
in type 2 diabetes mellitus (T2DM) population in China.

The present study also found significant differences
between the same treatment opinion group and the differ-
ent treatment opinions group in gender, BMI score, and
BMD of the femoral neck (P < 0.05), although there were
no significant differences in age and HbA1C between the
two groups (P > 0.05). The BMI score, femoral neck
BMD, and number of males were significantly higher in
the same treatment opinion group than in the different
treatment opinions group. This suggests that RA-adjusted
FRAX is more clinically accurate in assessing the risk of
hip fracture in males, those with higher BMI, and those
with higher femoral neck BMD in T2DM.

Conclusion

After replacing diabetes with RA in the FRAX algorithm,
the tool demonstrated a good ability to assess the risk of hip
fracture in patients with T2DM. The accuracy of fracture
risk prediction for male patients with T2DM and patients
with T2DM with high BMI scores or high femoral neck-
bone mineral density was also higher. Although there is no
FRAX intervention threshold for T2DM in China, using the
10-year probability of hip fracture risk >3% as the interven-
tion threshold value offers greater clinical value.
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