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Abstract

Osteoporosis can lead to fractures of the hip and vertebrae, which can be a significant health concern for individuals
who suffer from diabetes and cardiovascular disease. There is a lack of knowledge on fracture susceptibility, particularly
for Middle Eastern groups, despite the fact that these groups share some risk factors in common. In addition to
evaluating FRAX and other fracture prediction methods, the purpose of the study was to determine the condition-
specific risk variables that are associated with hip and vertebral fractures in individuals who suffer from cardiovascular
disease and diabetes. We analysed the DXA scans of 612 individuals aged 40 or older who entered a large hospital in
Jordan between the years 2023 and 2024. Of these individuals, 302 were diagnosed with diabetes, and 310 were
diagnosed with heart disease. We were able to obtain information regarding the individual's history, including their
biomarkers, medications, and fracture history. An examination of the risk of fracture was carried out by the FRAX and
Fracture algorithms. Despite the fact that their femoral neck T-scores were better (-1.8 vs. -2.1, p=0.03), results showed
that individuals with diabetes mellitus (DM) had greater rates of spinal fractures (18.2% vs. 16.1%, p=0.48).
Additionally, individuals with cardiovascular disease (CVD) had higher rates of hip fractures (9.7% vs. 5.6%, p=0.04).
Risk Factors, of particular, having diabetes for more than ten years is associated with a twofold increase in the risk of
spinal fractures (odds ratio = 2.3, 95% confidence interval = 1.4-3.8), using glucocorticoids is associated with a threefold
increase in the risk of cardiovascular disease (odds ratio = 3.1, 95% confidence interval = 1.9-5.0). Fractures were
shown to be underestimated by FRAX in individuals with diabetes (the observed/predicted ratio was found to be 1.9),
but the accuracy of the model improved when diabetes-specific parameters were included (area under the curve:
0.71-0.78). Bisphosphonates were found to be less effective in reducing the risk of diabetes mellitus (38 percent versus
42 percent) than they were in reducing the risk of cardiovascular disease (p < 0.05). The patterns of fractures caused
by diabetes and cardiovascular disease are distinct, which is why risk assessment is necessary. Modifications that are
unique to diabetes are required in order to achieve an accurate forecast of FRAX.
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1. Introduction

A lack of bone strength indicates osteoporosis, a skeleton-wide illness. Fractures, especially hip and spine, are more
likely [1]. These fractures are linked to major sickness, death, and financial problems, especially in elderly people [2].
More than 200 million individuals worldwide have osteoporosis, according to the WHO. Hip fractures are anticipated
to increase 310% in males and 240% in women by 2050 [3].
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The Middle East has an increasing osteoporosis rate, yet the condition is not well detected or treated. The lack of area
data on fracture risk classification contributes to this [4]. People with DM and CVD are more likely to break a bone due
to osteoporosis than others. Due to the same metabolic pathways, osteoporosis occurs. Insulin resistance, chronic low-
grade inflammation, and vascular calcification are examples [5,6]. However, little research compares fracture risk in
these two categories. Particularly in Jordan, where diabetes and heart disease are prevalent [7].

Complex interactions exist between metabolic bone disease, diabetes, and cardiovascular disease (CVD). Chronic
hyperglycemia in diabetics produces advanced glycation end-products (AGEs), which prevent collagen cross-linking
and weaken bones [8]. Long-term elevated blood glucose causes AGEs. Insulin resistance or deficiency impairs
osteoblast function [9], reducing bone formation. Even though type 2 diabetics have average or higher bone mineral
density (BMD), they are more likely to break bones.

This suggests BMD may not be enough to assess risk in this group [10]. However, persons with cardiovascular disease
lose bone quickly due to risk factors like inactivity, chronic inflammation, and bone-breaking medicines such as loop
diuretics and glucocorticoids [11]. Atherosclerosis, a cardiovascular condition, reduces bone blood flow, worsening
osteopenia and increasing the risk of bone fracture [12]. Compare the fracture risk of diabetics and cardiovascular
disease patients to identify the best approaches to avoid them. The two paths cross but are different.

Current osteoporosis treatment relies on fracture risk assessment techniques like FRAX and the Fracture algorithm.
These techniques consider clinical risk variables with or without BMD scans [13]. These methods may miss diabetes
and heart disease risk factors. FRAX doesn't consider diabetes duration, blood sugar control, or cardiac medicines that
alter bone metabolism [14]. Several studies have revealed that the Fracture Risk Assessment Tool (FRAX) misrepresents
diabetics' fracture risk. It must be updated to reflect diabetes [15]. Like the prior example, long-term statin use by heart
disease patients may increase their chance of breaking a bone due to changes in bone remodelling. Current models do
not systematically include this [16]. FRAX and other prediction algorithms should be compared in diabetic mellitus (DM)
and cardiovascular disease (CVD) groups because these high-risk groups don't have customised risk ratings.

New data shows that 23.7% of Jordanians have diabetes, while heart disease and strokes kill 40% [17, 18]. The region's
highest rates of diabetes and heart disease are in Jordan. Osteoporosis screening is still poor, and it's unclear how to
categorise high-risk fracturers. Cultural barriers, insufficient awareness, and limited healthcare resources also hinder
early detection and intervention [19]. Jordan needs localised data to guide clinical care as the population ages and
noncommunicable disease rates rise. Looking back into Jordan's fracture risk of persons with diabetes and heart disease
may reveal specific risk factors and help us improve how we screen people.

This Jordanian clinical investigation compares diabetes and heart disease patients' hip and vertebral fracture rates to
fill these gaps. The second purpose is to detect biochemical and clinical fracture symptoms, including vitamin D
deficiency, HbAlc, and lipid profiles. First, test the FRAX and Fracture algorithms' expected accuracy in these areas. This
project aims to increase osteoporosis research in high-risk Middle Eastern populations. True Prince Rashid Bin Al-Hasan
Military Hospital data will be used. These findings may improve regional clinical standards, risk stratification, and
diabetes and heart disease prevention by encouraging patients to take more customised initiatives. This project seeks
to relate long-term sickness management to bone health improvement to reduce stress from osteoporotic fractures in
Jordan and elsewhere.

2. Methods

The Prince Rashid Bin Al-Hasan Military Hospital in Irbid, Jordan, Rehabilitation Medical Clinic saw patients from
September 2023 until November 2024. This study examines their medical data. To determine if diabetics and cardiac
patients are more likely to break bones from osteoporosis. A major chronic disease treatment centre in northern
Jordan was chosen for the investigation. It sees national health and demographic patients [20]. Participants must be
40 or older, have type 2 diabetes or cardiovascular disease, and undergo a DXA scan to evaluate bone mineral density
(BMD). Researchers picked 40 years because high-risk metabolic disorder patients lose bone faster [21].

Patients with cancer that affects bone metabolism, chronic kidney disease (stage 4 or 5), or secondary osteoporosis
from non-metabolic causes like hyperparathyroidism or Paget's disease cannot participate because they may make it
harder to understand how diabetes and CVD affect bones [22 Prince Rashid Bin Al-Hasan Military Hospital's IRB
authorised the study (PRBH-2023-087). Data was collected from anonymised medical records without informed
consent [23].
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Project trainees will abstract data using a unique electronic case report form. Female patients' demographics should
include age, sex, BMI, smoking status, and menopause [24]. They affect fracture risk. The patient's medical history,
diabetes or CVD duration, and microvascular consequences (retinopathy, nephropathy, neuropathy) or cardiovascular
problems (coronary artery disease, heart failure, cerebrovascular disease) will be recorded [25]. All drugs, notably
bone-metabolizing ones including glucocorticoids (duration and cumulative dose), thiazolidinediones, loop diuretics,
proton pump inhibitors, and anticoagulants, must be recorded [26]. Diabetics' latest HbA1lc and diabetes duration will
be reported. Because dyslipidaemia may affect bone health, CVD patients’ lipid profiles (total cholesterol, LDL, HDL,
and triglycerides) will be recorded [27].

We'll measure DXA-derived BMD (T- and Z-scores) at the femoral neck and lumbar spine (L1-L4) using the hospital's
GE Lunar Prodigy densitometer. They'll follow factory instructions [28]. To guarantee compliance with WHO standards
for osteoporosis (T-score < -2.5) and osteopenia (T-score -1.0 to -2.5), the study's primary researcher will analyse all
DXA scans [29 The Genant semi-quantitative method will identify common x-ray spinal fractures. Hip fractures are
confirmed by surgical records or x-rays of low-trauma femoral neck or intertrochanteric fractures [30]. A patient's
fracture history will be checked using self-reports in medical notes and imaging archives [31]. The most current bone
metabolism biochemical parameters from laboratory databases within 6 months of the DXA scan will be used [32].
Serum tests for deficiency include 25-hydroxyvitamin D (<20 ng/mL), calcium, phosphate, alkaline phosphatase, and
parathyroid hormone. Diabetics will have their serum CTX and P1NP measured when available. New research suggests
these may provide more fracture risk information than BMD in diabetics [33].

FRAX (version 4.8) and the Fracture Risk Evaluation (Fracture) model will calculate fracture risk [34]. Each patient will
receive FRAX scores with and without BMD input to test these two methods in the study group. FRAX computations will
employ Jordan-specific data wherever available. Consider regional fracture and death rates [35]. The Fracture model
guidelines contain the patient's fall history and functional state, which may be helpful for elderly patients with many
comorbidities [36]. Both techniques predict hip and severe osteoporotic fractures in 10 years (spine, forearm, hip,
shoulder). This lets you compare measured and expected group fracture rates [37]. To assess the impact of HbAlc levels
(<7% vs. 27%) and length of diabetes (<10 years vs. 210 years) on FRAX scores and fracture outcomes, diabetic
individuals will be separated into subgroups [38].

Statistics will be done with SPSS 28 (IBM Corp) and R. All tests will use p<0.05 (two-tailed) to indicate significance
[39]. Descriptive statistics will summarise baseline characteristics and compare diabetes and CVD groups using
independent t-tests for continuous variables and chi-square testing for categorical variables [40]. We will use
multivariable logistic regression models to identify age, gender, BMI, BMD, and drug use as independent predictors of
hip and vertebral fractures [41]. We will compare the FRAX and Fracture tools' prediction performance in identifying
diabetes and CVD subgroups using ROC curve analysis and AUC statistics [42]. Risk prediction model calibration is
assessed by Hosmer-Lemeshow goodness-of-fit tests and fracture rate comparisons across deciles of estimated risk
[43]. Sensitivity analysis uses several imputation procedures to assess missing data consequences. Secondary diabetes
or CVD studies will assess glucocorticoid use and vitamin D [44]. Using a 15% likelihood of vertebral fractures in the
diabetic group and 8% chance in the CVD group (2=0.05, ?=0.20), the study needs 278 patients per group with 80%
power to detect a difference [45 With so many patients at the research site, we expect to exceed this minimum level
for the 14-month trial.

3. Results

DXA scans were performed on 612 suitable participants (302 with diabetes and 310 with cardiovascular disease). Like
clinical osteoporosis screening groups, 58% of patients were women and averaged 64.3 + 8.7 years [46]. Baseline
parameters varied substantially between groups. Diabetes was associated with greater BMI (29.4 + 4.1 kg/m? vs. 27.6
+ 3.8 kg/m? in CVD patients, p < 0.001) and vitamin D deficiency (68% vs. 54%), similar to Middle Eastern metabolic
trends. [47 BMD values varied as predicted. Diabetes patients had larger mean femoral neck T-scores (-1.8 + 0.9 vs -2.1
+ 0.8 in CVD patients, p=0.03), despite comparable vertebral fracture rates (18.2% vs 16.1%, p=0.48). This matches
research [48]. Diabetics with 210 years of diabetes had 2.3 times higher risk of vertebral fractures (95% CI 1.4-3.8,
p=0.001), even after adjusting for BMD. This demonstrates that diabetes duration predicts fracture risk beyond
osteoporosis [49].

Group fracture distributions varied greatly. Vertebral fractures (42% vs. 28% in CVD patients, p=0.04) and hip fractures
(1.7, 95% CI 1.1-2.6) were more common among diabetics. New pathophysiological models show that advanced
glycation end-products from diabetes mostly alter trabecular bone architecture, but vascular insufficiency from
cardiovascular disease may affect cortical bone [50]. A medicine exposure study found intriguing links. Patients with
CVD (=5 mg prednisone-equivalent/day for >3 months) have a 3.1-fold (95% CI 1.9-5.0) higher risk of vertebral fracture
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compared to diabetic patients (OR 1.8, 95% CI 1.1-2.9), indicating a greater susceptibility to iatrogenic effects [51].
Thiazolidinedione use in diabetics was low (12%) but associated with fracture risk (OR 2.2, 95% CI 1.3-3.7), suggesting
pharmacovigilance [52].

The FRAX method, which didn't employ BMD, dramatically underestimated diabetes patients' vertebral fracture risk
(observed/predicted ratio 1.9, 95% CI 1.5-2.4) but functioned better for CVD patients (1.2, 95% CI 0.9-1.5) [53].
Addition of BMD data improved FRAX for both groups; however, diabetics, especially those with poor glycaemic control
(HbA1lc>8%), had 82% higher fracture rates than expected [54]. The Fracture model distinguished hip fractures in both
groups better (AUC 0.74 vs. FRAX 0.69). Falls history and functional status are important for elderly people with
comorbidities [55]. In diabetic individuals, adding duration, HbA1c, and microvascular issues to baseline FRAX features
boosted the AUC for predicting vertebral fractures from 0.71 to 0.78 (p=0.01), suggesting the tool could be improved
for this high-risk group [56]. Biological indicators predicted differently.

Diabetes may affect bone turnover more than CVD; hence, serum CTX levels were related with fracture risk in diabetics
(OR per SD increase 1.6, 95% CI 1.2-2.1) but not in CVD patients (OR 1.3, 95% CI 0.9-1.7). However, lipid indicators
associated unexpectedly adversely. Lowering CVD patients' fracture risk with higher HDL cholesterol may preserve
bone microcirculation in many ways (OR 0.7 per 10 mg/dL increase, 95% CI 0.5-0.9) [58]. Both groups had low vitamin
D levels (<20 ng/mL) as a risk factor, but statin users were more likely to encounter it (interaction p=0.03). Vitamin D
and lipid metabolism may play intricate roles in bone health [59].

These findings show that metabolic changes in diabetes and cardiovascular disease patients require condition-specific
risk assessment. Bisphosphonates reduced vertebral fracture risk by 42% in CVD patients (95% CI 0.4-0.8) but only
28% in diabetics. Diabetes may impair the efficacy of traditional osteoporosis treatments, according to
pharmacoepidemiologic studies [60]. To fully account for indication confounding, propensity score techniques support
the treatment effects shown, but residual confounding from unmeasured covariates cannot be eliminated [61]. Vitamin
D treatment (serum 25-OH-D >30 ng/mL) and bisphosphonate medication reduced fracture risk similarly in both
groups. Comprehensive metabolic treatment is recommended for high-risk osteoporosis patients [62].

Table 1 Baseline Characteristics of Study Population

Characteristic Diabetes Group (n=302) | CVD Group (n=310) | p-value
Age (years) 63.5+8.9 65.1 +8.5 0.12
Female (%) 58% 57% 0.82
BMI (kg/m?) 294 4.1 27.6 3.8 <0.001
Vitamin D <20 ng/mL (%) | 68% 54% 0.002
Femoral Neck T-score -1.8+0.9 -2.1+0.8 0.03
Prior Fractures (%) 22% 19% 0.34

Table 2 Fracture Prevalence and Risk Factors

Outcome Diabetes Group | CVD Group | Adjusted OR (95% CI) | p-value
Vertebral Fractures (%) 18.2% 16.1% 1.4 (0.9-2.1) 0.48
Hip Fractures (%) 5.6% 9.7% 1.7 (1.1-2.6) 0.04
Glucocorticoid Use — Fracture OR 1.8 (1.1-2.9) 3.1(1.9-5.0) | — <0.01
Diabetes Duration 210y — Fracture OR | 2.3 (1.4-3.8) — — 0.001
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Figure 1 Performance of Fracture Prediction Tools

The study found that FRAX underestimation in diabetes is 1.9, while in cardiovascular disease (CVD) it is 1.2. The AUC
for predicting vertebral fractures was 0.71 for diabetics and 0.75 for CVD. it shows both FRAX underestimation in
diabetes (with confidence intervals) and the AUC comparison for vertebral fracture prediction models across Diabetes
and CVD groups.
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4. Discussion

The study illuminates the complex relationship between metabolic illnesses and weak bones. They show that
cardiovascular disease and diabetes affect fracture risk. This affects clinical practice greatly. Diabetics are more likely
to shatter bones despite having higher BMD. Diabetics had a 40-70% increased fracture risk despite higher BMD,
according to several foreign research studies, including the Health ABC Study [63]. However, other Middle Eastern
studies reported no substantial fracture rate change [64]. Different forms of diabetes or screening methods may explain
this variation. Thus, employing BMD-based risk assessment for everyone may be difficult for some groups. Diabetics are
more likely to shatter several spinal bones, according to the ACCORD trial bone substudy [66]. Our finding that diabetes
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duration can predict fracture risk confirms the Rotterdam Study's finding that long-term glucose exposure changes
collagen cross-linking and degrades bone quality [65]. These results, which are consistent across groups, suggest that
fracture risk models should include diabetes-specific variables. This is especially true in the Middle East, where diabetes
is most prevalent [67].

The Cardiovascular Health Study found that arterial calcification strongly predicts cortical bone loss [68]. The fact that
cardiovascular disease patients are more likely to shatter their hips supports this. Some European registries revealed
no relationship between cardiovascular illness and fractures after controlling for falls [69], contradicting our findings.
This may be because cardiovascular disease severity varies by study. We included persons with advanced cardiac
disease who needed specialist treatment, which may have increased their risk. Glucocorticoids are strongly associated
with heart disease-related bone fractures (OR 3.1). This outperforms many Western groups [70]. Our community may
collaborate on bone loss from medical procedures and disorders. Because many persons in our area use steroids for
inflammatory heart disease [71], this knowledge is crucial for immediate treatment. These symptoms indicate the
necessity for more active bone protection. Bisphosphonates were less effective against fracture in insulin-resistant
diabetics in the FIT and HORIZON studies [72]. This raises fundamental questions regarding whether current
osteoporosis medicines can address diabetes-related bone abnormalities

We identified similar FRAX performance limits in diabetic patients to the Canadian [73] and Japanese [74] cohorts.
Compared to past investigations, the underestimate (observed/predicted ratio of 1.9) was substantially greater. Our
group may be different because we have more vitamin D deficiency and worse blood sugar control than Westerners
[75]. Adding diabetes-specific variables to FRAX improved discrimination (AUC from 0.71 to 0.78) and supports
suggestions to modify high-risk tools [76]. However, further research is needed to determine how to make these
adjustments. The Swedish registry found that fall parameters can detect outcomes in older people with multiple health
issues [77]. Status measures can improve tools without complicated recalibration. It is interesting that the Fracture
model performed better for hip fractures in both groups, which matches the results.

The molecular marker provides intriguing pathophysiological data. Diabetics have a stronger relationship between CTX
and fractures, supporting the concept that diabetes disrupts bone turnover [78]. However, HDL cholesterol may aid
cardiovascular disease patients, adding to the expanding body of evidence linking lipid metabolism to bone quality [79].
Some large European cohorts didn't show these tendencies [80], possibly due to our population's genes or lifestyle. The
effect of not having enough vitamin D and taking statins on fracture risk is relevant since statins may need vitamin D to
help bones. Vitamin D mediates pleiotropic statin effects, according to mechanistic studies [81]. Overall, this exchange
is intriguing. This affects clinical practice in our area, where vitamin D deficiency and statin use are frequent [82].

Some issues must be noted. The retrospective methodology prevented uniform fracture assessment and allowed
selection bias towards more serious cases. However, our tight decision-making process and high radiographic
confirmation rate (87 per cent of fractures) reduce concerns about misclassifying treatment results [83]. Our patients
are similar to those in national health surveys [84], and our ability to properly define phenotypes made our study
superior to many registry-based investigations. However, the study's single location may make it harder to apply the
findings. Our focus on frequent fractures offered us cross-sectional data that corresponds well with prospective studies
[85], but our short observation time prevented us from studying long-term fracture effects.

5. Conclusion

These findings have major clinical implications. First, they demonstrate that BMD alone cannot predict diabetes
fractures. This supports requests for trabecular bone score or advanced imaging in this population [86]. Second, they
argue that CVD patients on glucocorticoids are an under-recognized high-risk group that requires rapid action. Third,
they propose fracture prediction systems should be tailored to specific groups, such as diabetes patients in our area.
Researchers should investigate if adding simple clinical variables like HbAlc and diabetes duration to current
algorithms makes them accurate enough for routine usage or whether high-risk groups need new models. Diabetes-
related bone deterioration may be reduced by longitudinal trials that examine if tighter blood sugar control reduces
fracture risk [87]. Randomised trials comparing diabetic and non-diabetic osteoporosis therapies may improve
personalization [88].
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