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Abstract
Purpose

This study compared the performance of three proposed Fracture Risk Assessment Tool (FRAX) alternatives to the current standard Chinese FRAX in
predicting bone fracture risk in type 2 diabetic (T2DM) postmenopausal women, and to explore the optimal strategy to better predicted fracture risk in
postmenopausal women with diabetes in China.

Methods

We recruited 434 patients from community-medical centers, 217 with T2DM and 217 without T2DM (non-T2DM). All participants completed self-reported
questionnaires detailing their characteristics and risk factors. Bone mineral density (BMD) and spinal radiographs were evaluated. The China FRAX model
calculated all scores. The area under the receiver operator characteristic curve (ROC-AUC) evaluated the sensitivity, speci�city, and accuracy for predicting 10-
year risk for major (MOF) and hip (OHF) osteoporotic fractures in T2DM patients.

Results

T2DM patients had higher BMD but lower average FRAX values than non-T2DM patients. The unadjusted FRAX ROC-AUC was 0.774, signi�cantly smaller than
that for 0.5-unit femoral neck T-score-adjusted FRAX (0.800; p = 0.004). Rheumatoid arthritis (RA; AUC = 0.810, p = 0.033) and T-score (AUC = 0.816, p = 0.002)
adjustments signi�cantly improved fracture prediction in T2DM patients. Conclusions: Femoral neck T-score adjustment might be the preferred method for
predicting MOF and OHF in Chinese diabetic postmenopausal women, while RA adjustment only effectively predicted HF risk.

Conclusions

Femoral neck T-score adjustment might be the preferred method for predicting MOF and OHF in Chinese diabetic postmenopausal women, while RA
adjustment only effectively predicted HF risk.

Introduction
Osteoporosis is a systemic skeletal disease characterized by low bone mass and microarchitectural deterioration of bone tissue that leads to increased
fracture risk [1], disability, �nancial burden, and mortality [2-5]. Therefore, it is essential to screen individuals at elevated risk of fractures in a timely manner.

The most widely used assessment instrument is the Fracture Risk Assessment Tool (FRAX®). This computer-based algorithm predicts the 10-year probability
of major osteoporotic fractures (MOF) (hip, clinical spine, forearm, and humerus fracture) and osteoporotic hip fractures (OHF) in the presence of competing
mortality. The probability of fractures is based on the anamnestic, clinical factors, and anthropometric parameters, and considers, when available, the femoral
neck bone mineral density (BMD) that can improve the accuracy of the fracture risk assessment [6].

The number of patients with osteoporosis in China is increasing with the aging population [7]. Menopause is a risk factor for diabetes and osteoporosis [8,9],
and diabetes mellitus, particularly type 2 diabetes mellitus (T2DM), is a common disease in China. It was estimated in 2017 that the T2DM incidence in China
was 10.4% [10]. T2DM is an independent risk factor for osteoporotic fractures, even though the femoral neck and lumbar BMD do not decrease in these
patients [11-13]. The underlying mechanisms are not clear, but impaired bone strength and quality, falls, and bone strength alterations could explain this
paradox [11,14]. T2DM confers an increased risk of fractures independently of the FRAX assessment with BMD [15]. However, the current FRAX formulation
does not include T2DM among the risk factors. Moreover, evidence suggests that the FRAX algorithm does not re�ect the risk of fractures in T2DM patients
correctly [16].

There are several proposals on how to improve the FRAX performance for those with T2DM. Leslie et al [17,18] sought to improve FRAX predictive value by
selecting rheumatism arthritis (RA) as an equivalent variable for T2DM among the fracture risk factors listed in the FRAX algorithm. Valentini et al. reported
that a correction factor derived from hemoglobin A1c (HbA1c) could enhance the FRAX algorithm ability to predict the fracture risk for T2DM patients [19]. A
observation reported that a T-score in a woman with DM is associated with hip fracture risk equivalent to a woman without DM with a T-score of
approximately 0.5 units lower[15]. A recent study compared four proposed methods to improve FRAX performance for T2DM in male and female Canadians
aged > 40 years. The study suggested that each of the proposed methods could improve performance for individuals with diabetes. However, no method
optimal in all settings was identi�ed [20]. Therefore, the preferred approach is still unknown. Furthermore, no related studies assessed the adjusted FRAXs in a
Chinese population and speci�cally in Chinese postmenopausal women with diabetes. Our recent study reported that the current recommended FRAX with
BMD threshold guidelines have low sensitivity in the Chinese population [21]. Therefore, the primary aim of this study was to �nd which strategy (RA
adjustment, T-score lowered by 0.5 of the standard deviation [SD], or adding ten years to the age) better predicted fracture risk in postmenopausal women with
diabetes in China.

Methods
Ethics statement

The investigation has been conducted following the ethical standards of the Declaration of Helsinki and national and international guidelines. This study has
been approved by the Ethics Committee of Xiangya Second Hospital, South China University, Changsha, China. All participants provided written informed
consent.
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Participants

This is a case-control study. Postmenopausal women (n = 434) were recruited from community medical centers in Changsha City, Hunan Province, China, in
September 2017. These included 217 T2DM patients and 217 consecutive postmenopausal women without diabetes as a control group. All participants had
undergone baseline dual x-ray absorptiometry (DXA) of the lumbar spine, femoral neck and hip. The control and T2DM groups were matched for age and BMI.
Menopause was defined as the absence of menstrual cycles for over one year. Exclusion criteria included the use of antiosteoporosis medication, presence of
a malignant tumor, acute infection, and severe renal dysfunction. All participants completed standard medical assessment questionnaires to collect data
about their medical, social, and family history, and clinical risk factors of FRAX. These factors included a parental history of hip fracture, history of fragility
fractures, exposure to systemic glucocorticoids for more than three months, smoking, high alcohol intake (an average of three or more units daily), presence of
RA, secondary osteoporosis factors, adult osteogenesis de�ciency, long-term untreated hyperthyroidism, hypogonadism or premature menopause (<45 years),
chronic malnutrition or malabsorption, and chronic liver disease.

Assessment measures

Height was measured to the nearest 0.5 cm, using a stadiometer mounted on a wall and pressing a horizontal plate onto the head to flatten the hair. An
electronic scale measured weight to the nearest 0.1 kg. The BMI was calculated by dividing the body weight by the squared height (kg/m2). The participants
age was recorded.

DXA scans were performed for the left femoral neck, total hip, and lumbar spine following the manufacturer’s guidelines (Discovery Wi S/N87556, Hologic,
USA), and they were measured by an experienced doctor. Osteoporosis was de�ned as a T-score ≤ −2.5 following the World Health Organization
recommendations used to establish the BMD reference database by our group [22]. Positive and lateral vertebral radiographs (T4 to L4) were acquired (Uni-
Vision 61Y040, Shimadzu, Japan) to assess vertebral fractures, using a visual semi-quantitative method. Fractures were de�ned as a ratio of the anterior to
posterior or middle to posterior vertebral height < 0.8, or the posterior vertebral height compared to that of an adjacent vertebra [23].

Base on the guidelines for diagnosis and treatment of primary osteoporosis in China, osteoporosis was diagnosed if a patient met any of the following
criteria: 1) fragility fractures of the hip or vertebra; 2) T-score of less than −2.5 for BMD measured by DXA in the medial axial skeleton; 3) low bone mass based
on the BMD results (−2.5 < T-score < −1.0) with fragile fractures of the proximal humerus, pelvis, or distal forearm [24]. Diabetes diagnosis followed the
guidelines for the prevention and control of T2DM in China (2017 Edition) [10].

The 10-year risk for MOF, including OHF, were calculated using the China FRAX® model, with the femoral neck T-score included in the calculations. We
compared three alternative options to enhance the performance of FRAX in patients with diabetes. First, FRAX with RA input as a proxy for the effect of
diabetes; this is justi�ed by the similar weights assigned to RA and T2DM in the QFracture algorithm [25]. Second, FRAX with the femoral neck T-score input
lowered by 0.5 SD in T2DM patients; other studies have observed that women with and without T2DM and equivalent OHF risk differed in their T-score by
approximately 0.5 SD [35]. Third, FRAX with a 10-year higher age input for T2DM patients. This age correction is equivalent to an expected femoral neck BMD
loss of 0.5 SD over ten years.

Statistical analysis

Continuous variables are presented as mean ± SD. Normal distribution of continuous variables was assessed separately for diabetic and nondiabetic
participants by the Kolmogorov–Smirnov test. Categorical variables were analyzed by the Chi-squared test. We constructed ROC curves to determine the AUC
and the corresponding 95% con�dence intervals to identify the reference variable. The AUC is an overall estimate of the risk score accuracy in identifying the
optimal choice [26]. The AUCs were compared using Stata 14.0 (Stata Corp, College Station, Tx). The cutoff value for statistical signi�cance was set at p <
0.05. The best cutoff point in the AUCs was estimated using the Youden index, and the accuracy of the thresholds was assessed by analyzing their sensitivity,
speci�city, and likelihood ratios. All data management and part of the analysis were performed using SPSS Statistics for Windows, Version 24.0 (SPSS Inc.,
Chicago, IL, USA).

Results
Characteristics of the 434 postmenopausal participants are summarized in Table 1. The average ages were 64.5 ± 7.3 and 65.0 ± 8.4 years in the T2DM and
control groups, respectively. The groups were similar for menopause age, BMI, current smoking, drinking, and secondary osteoporosis. The mean unadjusted
FRAX values for the probability of MOF and OHF in the T2DM group were higher than in the control group (3.69 ± 1.85 vs. 5.12 ± 3.29 and 0.93 ± 1.07 vs. 1.82
± 2.32, respectively, p < 0.001 for both). Mean lumber, hip, and especially femoral neck BMD values were higher in the T2DM group, but the differences did not
reach the statistical signi�cance level. Although T2DM patients had a higher BMD and a lower FRAX score, according to China’s guidelines for the diagnosis
and treatment of primary osteoporosis, fragility fractures occurred in 53 patients (24.4%) in the T2DM group and only 14 (6.5%) in the control group.
Osteoporosis occurred in 94 (43.4%) and 68 (31.3%) patients in the T2DM and control groups, respectively (Table 2). The areas under the curves (AUCs) were
compared between the T2DM and control groups for the original MOF FRAX and OHF FRAX (Table 3). The AUCs for MOF and OHF FRAX in the control group
were signi�cantly larger than in the T2DM group (0.94 vs. 0.77 and 0.93 vs. 0.79, respectively, p < 0.001 for both). All adjusted FRAX methods showed
signi�cantly higher values for OHF and MOF than the unadjusted FRAX (Figure 1a, b).

The AUC for predicting the 10-year risk of MOF was 0.774 for the unadjusted algorithm, 0.786 after RA adjustment, 0.790 after age adjustment, and 0.800
after T-score adjustment (Table 4). Similarly, the AUC for predicting the 10-year risk of OHF was 0.787 for unadjusted FRAX, 0.810 after RA adjustment, 0.811
after age adjustment, and 0.816 after T-score adjustment (Table 5). Lowering the femoral neck T-score by 0.5 SD, raising the age by ten years, and RA
adjustment could all improve the performance of MOF and OHF FRAX. However, the only signi�cant difference between the unadjusted and adjusted MOF
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FRAX was observed after lowering the femoral neck T-score by 0.5 SD (p = 0.0041; Table 4). The receiver operator characteristic (ROC) analysis showed that
RA (p = 0.033) and T-score (p = 0.002) adjustments could signi�cantly improve osteoporotic OHF prediction in diabetic women (Table 5). There was no
difference between the RA and T-score adjusted FRAXs (p = 0.48).

The sensitivity and speci�city of the 10-year unadjusted MOF probability and T-score adjusted FRAX for detecting osteoporosis were 0.683 and 0.817, and
0.743 and 0.673, respectively. The accuracy of BMD T-score adjusted FRAX was higher than the unadjusted FRAX (Table 4). The sensitivity and speci�city of
the unadjusted OHF probability and T-score adjusted FRAX for detecting osteoporosis were 0.750 and 0.798, and 0.708 and 0.699, respectively. The positive
likelihood ratios and accuracy of T-score and RA adjusted FRAXs were higher, and negative likelihood ratios were lower than in the unadjusted FRAX (Table 5).

Discussion
A large body of evidence has suggested that diabetes increases fracture risk despite the presence of normal or high BMD [12,27,28]. Bonaccorsi et al. [24-29]
performed a study in postmenopausal Italian women with and without diabetes. They found no difference between the groups in terms of BMD. Our study
also demonstrated this perplexity. There were also no differences in age and BMI between the two groups (T2DM and controls). This homogeneity may
explain why our T2DM patients presented with similar BMD. An increased occurrence of fragility fracture was reported in patients with T2DM, especially in
Asians [30]. We also detected a high prevalence of fractures in the T2DM group. The BMD had relatively low sensitivity for detecting high fracture risk in
diabetes patients, as indicated by results showing that some fragile fractures occur when T-score > −2.5. While this value cannot diagnose osteoporosis, the
phenomenon is apparent in diabetes patients. Previous studies have shown, and we con�rmed, that BMD does not discriminate against T2DM patients with a
higher risk of osteoporotic fractures [31].

The FRAX was developed to remedy the limitation of BMD in predicting fractures. Therefore, predictive tools like FRAX are recommended for identifying
individuals at a higher risk of osteoporotic fractures in many clinical guidelines [32,33]. Our study showed that the mean FRAX score values were signi�cantly
lower in patients with T2DM, but the prevalence of osteoporosis and fragility fractures in these patients was much higher. These �ndings concur with those of
other studies that showed T2DM subjects to have a higher incidence of fractures than the controls [13] and that FRAX underestimates the fracture risk in
diabetes patients [34,35]. This bias is evident in postmenopausal women [36]. The femoral neck BMD is a dominant factor in the FRAX risk assessment. We
found both study groups to have similar femoral neck BMD. Therefore, if the reference standard of osteoporosis is based on BMD measurement at the femoral
neck, it will miss most patients. The emerging conclusion is that the current FRAX algorithm might be inappropriate for T2DM patients, and further studies are
required to optimize methods to identify postmenopausal women with T2DM at an elevated risk of fractures.

Many methods have been put forth to address the problem of fracture risk assessment in postmenopausal women with T2DM. These include making a
Trabecular Bone Score (TBS) adjustment to FRAX, increasing the age by ten years, decreasing the femoral neck BMD T-score by 0.5 SD, or using “Diabetes” to
represent “Rheumatoid Arthritis” in FRAX. However, these alternatives were not validated in different settings, including Chinese postmenopausal women with
T2DM. To the best of our knowledge, this is the �rst study to directly compare the performance of the proposed adjusted FRAX methods to improve the
fracture risk prediction among individuals with T2DM in the Chinese population. All adjustments led to an improvement in FRAX performance by reducing or
eliminating the effect of diabetes on the incidence of MOF and OHF. The 10-year probability of OHF was more accurate than the 10-year probability of a MOF,
which is consistent with the results of other studies [37]. Many have suggested that simultaneous estimation of fracture risk in many sites could increase the
risk assessment performance because risk factors for fractures, or the magnitude of their effect, differ across fracture sites [38-41].

We observed that FRAX with a lowered T-score had a signi�cantly higher MOF discriminative ability than unadjusted FRAX. Lowering the T-score and
substituting T2DM for RA signi�cantly improved FRAX assessment of OHF risk, but BMD sensitivity after altering the T-score was greater than after RA
adjustment. With similar speci�city between them, lowering the T-score can screen out more people with osteoporosis. Furthermore, RA adjustment can only
be applied when RA and diabetes do not coexist in the same individual. This study showed that reducing the femoral neck T-score input to FRAX by 0.5 SD
signi�cantly improved the predictive ability of MOF and OHF risk for postmenopausal diabetes patients. These results suggest the T-score-adjusted FRAX
algorithm to be potentially useful, at least for T2DM patients. Still, the Chines Experts Consensus recommended that when the FRAX tool is used in patients
with diabetes, “Diabetes” should be used instead of “Rheumatoid Arthritis” in the tool [42]. This might be because data on age or BMD T‐score differences
between diabetic and non‐diabetic patients with similar hip fracture risk in the Chinese populations are scarce. Our study found that changing the BMD T-score
can eliminate the effect of diabetes in fracture assessment, at least in postmenopausal women.

In contrast to the study by Leslie et al. [20], increasing the age input to FRAX by ten years was similar to unadjusted FRAX in predicting the risk for MOF and
OHF in our T2DM postmenopausal patients. This difference might be related to the homogeneity of our population in terms of sex and ethnicity. Besides, the
average age of our diabetic women was 63.73 years, and 51% were older than 65 years, an age of increased fracture risk. We observed that using the FRAX
score after substituting diabetes for RA performed better only in predicting OHF. Many studies veri�ed that diabetes modi�es the effectiveness of FRAX,
particularly at the hip and other peripheral skeletal sites [40,43], and showed through 6-8 years of follow-up that the HF risk in T2DM patients was higher than
in non-diabetes subjects [44]. The data reported here might help inform future position statements and practice guidelines aimed to enhance the care of
diabetic postmenopausal women.

Our research has some limitations. First, the participants sample size was relatively small. The proposed adjusted methods require further testing in a larger
population. Second, self-administered questionnaires might lead to recall and reporting biases. Third, there was no follow-up period, and future fractures were,
therefore, missed. Our results need to be veri�ed by prospective studies. Fourth, we did not include TBS-adjusted FRAX in this research because it is not widely
used in China. Therefore, we could not compare the effectivity between BMD T-score adjusted and TBS-adjusted FRAX.

In Conclusion, FRAX underestimates the risk of osteoporosis-related fracture in postmenopausal women with diabetes. This underestimation delays
osteoporosis treatment and interventions in these patients. Adjusted FRAX could signi�cantly compensate for the effect of diabetes in Chinese diabetic
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postmenopausal women. Adjusted FRAX alternatives could serve as non-invasive methods for reliable bone quality assessment in patients with diabetes..
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Tables
Table 1 Study population baseline characteristics

Characteristics T2DM Non-T2DM P value

Number

Age, years

Age at menopause, year

217

64.5±7.28

49.5±3.27

217

65.0±8.35

49.7±3.72

 

0.623

0.584

BMI, kg/m2 23.3±3.36 23.4±3.07 0.709

Prior fracture 16/217 13/217 0.564

Smoke

Alcohol intake     

Menopause at earlier age

Secondary osteoporosis

Lumbar spine BMD

Femur neck BMD

Hip BMD

3/217

1/217

4/217

21/217

0.838±0.151

0.646±0.166

0.767±0.137

4/217

4/217

16/217

24/217

0.814±0.140

0.619±0.103

0.766±0.119

0.713

0.685

0.267

0.637

0.093

0.298

0.942

FRAX 10-year MOF fracture risk % 3.69±1.85 5.12±3.29 <0.001

FRAX 10-year HF fracture risk(%) 0.93±1.07 1.82±2.32 <0.001

T2DM : Type 2 diabetes ,MOF:major osteoporotic fracture, HF:hip fracture, RA: rheumatoid arthritis, BMI: body mass index, BMD:bone mineral density.

Table2  Diagnosis of osteoporosis based on diagnostic criteria

Osteoporosis diagnosis criteria T2DM Non-T2DM

BMD(lumber)≤-2.5 72 44

BMD(lumber or femoral neck hip) ≤-2.5 74 61

BMD(femoral neck) ≤-2.5 24              51

BMD(hip) ≤-2.5 56              17

Low bone mass with fragility fracture 20              7

Fragility fracture % 53 24.4              14 6.5

Any criteria % 94 43.3                            68 31.3

BMD:bone mineral density

Table 3 Area Under the Curve for Major Osteoporotic and Hip Fracture Discrimination in Individuals Without and With Diabetes

  Non-T2DM     T2DM  

  AUC 95% CI AUC 95% CI P value

Prediction of MOF from FRAX with BMD 0.94 0.90-0.97 0.77 0.71-0.84 <0.001

Prediction of HF from FRAX with BMD 0.93 0.90-0.97 0.79 0.73-0.85 <0.001

MOF:major osteoporotic fracture, HF:hip fracture, AUC: area under the curve, CI: con�dence interval, BMD: bone mineral density

Table4  The comparison of the area of ROC between unadjusted ((referent) FRAX for major osteoporotic fracture and three adjustments.
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  Sensitivity Speci�city Accuracy Positive likelihood ratio Negative likelihood ratio AUC P value

FRAX MOF unadjusted  0.683 0.743 0.714 2.66 0.427 0.774  

With age raised 10 years 0.827 0.637 0.728 2.28 0.272 0.790 0.252

With RA adjusted 0.808 0.655 0.728 2.34 0.293 0.786 0.282

With T-score lowered 0.5 0.817 0.673 0.742 2.50 0.272 0.800 0.004

FRAX: Fracture Risk Assessment, MOF:major osteoporotic fracture, RA: rheumatoid arthritis, AUC: area under the curve ,SD:standard deviation

Table5  The comparison of the area of ROC between unadjusted FRAX for hip osteoporotic fracture ((referent) and three adjustments.

  Sensitivity Speci�city Accuracy Positive likelihood ratio Negative likelihood ratio AUC P value

FRAX HF unadjusted 0.750 0.708 0.728 2.57 0.353 0.787  

With age raised 10 years 0.837 0.646 0.737 2.36 0.252 0.811 0.101

With RA adjusted 0.788 0.717 0.751 2.78 0.296 0.810 0.033

With T-score lowered 0.5 0.798 0.699 0.747 2.65 0.204 0.816 0.002

FRAX: Fracture Risk Assessment, HF:hip fracture ,RA: rheumatoid arthritis, AUC: area under the curve, SD:standard deviation

Figures

Figure 1

a Comparison of the average value of unadjusted major osteoporotic fracture and after three adjustments for major osteoporotic fracture applied to those
with diabetes, b Comparison of the average value of unadjusted Hip fracture and after three adjustment for Hip fracture applied to those with diabetes.


