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Association between diabetes mellitus and trochanteric bone mineral density in individuals with osteoporotic fractures: a retrospective study
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Background: The relationship between diabetes mellitus (DM) and bone mineral density (BMD) in patients with osteoporotic fractures (OPFs) remains complex and heterogeneous, specifically between the genders. This study aimed to explore the association between diabetes status and trochanteric BMD in a cohort of patients with OPFs and elucidate the differences between male and female patients.

Methods: This retrospective analysis was performed on 710 admitted patients aged 50 years or older with OPFs. In this study, the exposure variable was diabetes status. Trochanteric BMD comprised the dependent variable. While controlling for covariance influences, generalized estimating equations (GEE) were applied to examine the independent link between diabetes status and trochanteric BMD in OPFs patients. Moreover, a subgroup analysis was also conducted to validate the result’s stability.

Results: A substantial positive association was noted between diabetes status and trochanteric BMD in diabetic patients, as determined by the fully adjusted model (β = 0.017, 95% CI 0.001 to 0.033, p = 0.035). Furthermore, the sex-specific analysis showed a significant positive relationship between diabetes status and trochanteric BMD in male patients (β = 0.040, 95% CI 0.006 to 0.075, p = 0.022), whereas no significant relationship was observed in female patients (β = 0.010, 95% CI −0.008 to 0.028, p = 0.256).

Conclusion: This study highlighted the significant sex differences in the impact of diabetes on trochanteric BMD among patients with OPFs. The male diabetic patients had higher trochanteric BMD than their non-diabetic counterparts; however, this association was not evident in female patients. Further research is necessary to understand the underlying mechanisms that contribute to these sex-specific differences and to evaluate the clinical implications of managing fracture risk in diabetic patients.
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1 Introduction

Osteoporosis (OP) is a very common skeletal disorder, which is marked by reduced bone mass, impaired integrity of bone tissue, increased bone fragility, and a higher susceptibility to fractures (1). Osteoporosis affects about 200 million people worldwide (2), with an osteoporotic fracture occurring every three seconds globally (3). Therefore, it is a major public health concern with significant socioeconomic impact. Osteoporotic fractures (OPFs) can be diagnosed by weakened bone mineral density (BMD) and strength, which collectively contribute to an elevated vulnerability to fractures. BMD measurement is often used in the evaluation of fracture risk; it is widely recognized as a crucial indicator of skeletal health (4). BMD is a biomarker of considerable importance in assessing fracture risk and bone quality. It quantifies the amount of inorganic salts within a specific mass of bone tissue (5). In the geriatric population, OPFs are a substantial factor in morbidity and mortality. Among all osteoporotic fractures, hip fracture is one of the most serious complications of aging, and it is the 7th leading cause of death in older adults (6). The incidence of hip fractures is increasing, primarily due to the demographic transition occurring on a global scale, resulting in an extended life expectancy. A substantial proportion, approximately 50%, of all hip fractures are trochanteric fractures. The average annual cost per patient due to trochanteric fractures is estimated to exceed $50,000 (7). Moreover, it is expected that the incidence of trochanteric fractures relative to cervical fractures will progress at a more accelerated rate (8). This demonstrates the growing relevance of treating trochanteric fractures in the discipline of orthopedics. Given these considerations, orthopedic specialists should pay particular attention to such fractures and develop more effective treatment strategies.

Diabetes mellitus (DM) is a prevalent medical condition that manifests globally. Based on epidemiological data, the global prevalence of diabetes among the 18–99 age group was estimated to be around 451 million people in 2017. This number is predicted to undergo a substantial increase, resulting in around 693 million by 2045 (9). In addition to damage to patients’ bodies and minds, diabetes and its variegated complications also impose a heavy financial burden on families and society. OPFs have emerged as a significant complication of diabetes (10). Accumulating evidence supports a strong connection between diabetes and a higher susceptibility to OPFs (11, 12). Given these concerning trends, the study’s results highlight the critical importance of implementing effective preventive and management strategies to reduce the burden caused by this disease.

In recent years, several studies have highlighted the complex interplay between diabetes and osteoporosis. Despite higher or unchanged BMD, an increased overall risk of fractures has been observed in patients with type 2 diabetes mellitus (T2DM) (13). A review conducted by Romero-Díaz et al. (14) indicated that T2DM patients had normal or elevated BMD, though paradoxically, alterations in bone microarchitecture increase their risk of fractures. Furthermore, research indicates that elderly T2DM patients have an elevated risk of fractures in the hip, thigh, foot, humerus, and overall (15–18). The strength of bones and their susceptibility to fracture depends not only on bone mass but also on bone quality (19). In diabetic patients, BMD does not accurately reflect fracture risk, suggesting the involvement of additional pathophysiological mechanisms. Impaired bone quality may lead to increased bone fragility, thereby increasing the fracture risk, independently of BMD (20). This study retrospectively analyzed hospitalized elderly patients with osteoporosis to evaluate the potential relationship between diabetes status and trochanteric BMD among OPF patients and elucidate the association of this relationship in males and females.



2 Materials and methods


2.1 Study design and participants

This retrospective study was conducted at the Affiliated Kunshan Hospital of Jiangsu University (AKHJU). Electronic patient records were collected from all participants aged 50 years or older who were recently admitted with the diagnosis of OPFs from January 1, 2017, to July 27, 2022. Additionally, these patients had not encountered any fractures for at least 5 years prior, marking this as their inaugural occurrence of an OPF. OPFs, also known as fragility fractures (21), are typically induced by low-energy mechanisms, such as falls from standing height or lower. Among these, hip fractures represent the most severe form of OPFs. Other types of low-trauma OPFs include certain distal forearm fractures, proximal humerus fractures, vertebral fractures, and pelvic fractures (22). These fractures are diagnosed using the International Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10), specifically under the codes beginning with S22, S32, S42, S52, or S72 (23). To maintain study homogeneity, high-energy fractures, such as those resulting from car accidents were excluded to ensure the focus remained on fractures typically associated with osteoporosis. To focus our analysis specifically on adults with diagnosed type 2 diabetes, we excluded individuals who were diagnosed before the age of 50 and who began insulin therapy within 1 year of their diagnosis (24). Further, non-local residents and patients who died within the initial month of admission were excluded from the analysis. Initially, 2,949 consecutive OPF individuals who received orthopedic surgery were included. The inclusion criteria were: (1) age ≥50 years; (2) fracture diagnosis confirmed by radiography or computed tomography, including fractures of the wrist, proximal humerus, lumbar vertebra, thoracic vertebra, femoral neck, and femoral trochanteric/subtrochanteric region; (3) surgical treatment in hospital; and (4) availability of hospital clinical data. Of these patients, 2,239 were excluded based on the following criteria: (1) use of hormone replacement therapy, glucocorticoids, bisphosphonates, proton pump inhibitors, or other similar medications (608 cases); (2) presence of significant chronic conditions including renal failure, malignant tumors, gastrointestinal abnormalities, hyperthyroidism or hypothyroidism, acromegaly, Cushing’s syndrome, or arthritis (1,230 cases); (3) absence of BMD results (306 cases); and (4) absence of fasting blood glucose (FBG) results (95 cases). The final analysis included 710 patients (Figure 1). The study received ethical approval from the AKHJU (approval number: 2021-06-015-K01), and we conducted all procedures in accordance with the Declaration of Helsinki. To ensure patient privacy, details regarding patients were hidden from the investigators. All participants provided written informed consent.
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FIGURE 1
 Study flowchart.




2.2 Exposure and outcome variables

In this study, the exposure variable was diabetes, which was defined as self-reported diabetes, use of glucose-lowering drugs, or FBG ≥7 mmol/L (25). An AutoAnalyzer (Beckman-Coulter AU 5800, United States) was utilized to determine the FBG level in venous blood after fasting for 8 h. The outcome variable was trochanteric BMD measured by dual-energy X-ray absorptiometry (DXA) via a Hologic dual-energy X-ray bone density instrument (Discovery Wi, Hologic Inc., United States). Following standardized procedures, every measurement was obtained using the same instrument and competent operator. The apparatus received routine quality control procedures daily in advance of participant examination.



2.3 Covariate analyses

Sex, age, body mass index (BMI), magnesium, phosphorus, sodium, calcium, hemoglobin, platelet count, albumin count, lymphocyte count, neutrophil count, monocyte count, alanine aminotransferase (ALT), aspartate aminotransferase (AST), creatinine (Cr), blood urea nitrogen (BUN), serum uric acid (SUA), glycated hemoglobin (HbA1c), fracture category, hypertension, American Society of Anesthesiologists (ASA) scores and Charlson comorbidity index (CCI) were main potential covariates analyzed in this study. All blood samples were obtained from fasting patients. The ASA classification is determined by anesthesiologists through a preoperative assessment of a patient’s health status, categorizing patients in accordance with the severity of their underlying diseases and their potential influence on anesthesia management (26). In contrast, the CCI score is calculated by allocating specific weights to comorbidities, which are determined based on their relative effect on patient mortality. Comorbidities taken into account encompass cardiovascular disease, diabetes, cancer, and renal disease, with each condition being assigned a weight ranging from 1 to 6. Higher weights signify a greater influence on mortality. The total CCI score, which is the summation of the weights for all diagnosed conditions, reflects the overall burden of comorbidities and assists researchers and clinicians in evaluating their impact on mortality and postoperative complications (27). Fracture category, which includes fracture of the lumbar vertebra, thoracic vertebra, wrist, proximal humerus, femoral neck, and femoral trochanteric/subtrochanteric region.



2.4 Statistical analyses

EmpowerStats1 and R packages2 were employed for all statistical analyses, with a limit of the significance of a two-sided p-value ≤0.05. Continuous variables are presented as means with standard deviations (SD) or medians with interquartile ranges (Q1–Q3), whereas categorical data are represented as frequencies (%). For comparison between groups, Mann–Whitney U tests were performed to evaluate non-normally distributed data, while independent two-tailed t-tests were carried out for normally distributed variables. Chi-square tests were conducted to assess differences between categorical variables. In case, the chi-squared test assumptions were not met, the Fisher exact test was performed. Furthermore, univariate analyses were performed to examine the associations between OPF patient characteristics and trochanteric BMD.

The study utilized generalized estimating equations (GEE) to investigate the independent association between diabetes status and trochanteric BMD in OPF patients while controlling the confounders. To systematically evaluate this association, three models were developed: an unadjusted Model 1, a minimally adjusted Model 2, and a fully adjusted Model 3. Initially, collinearity diagnosis was conducted using the variance inflation factor (VIF). The need for covariate adjustment was then assessed according to the following criteria: Criterion 1 involved introducing covariates to the basic model, which initially comprised only diabetes status and trochanteric BMD, or removing covariates from the full mode. The full model incorporated all potential covariates including age, sex, BMI, magnesium, sodium, phosphorus, platelet count, hemoglobin, albumin, calcium, neutrophil count, lymphocyte count, monocyte count, ALT, AST, Cr, BUN, SUA, hypertension, ASA classification, and fracture category, in addition to diabetes status and trochanteric BMD. A covariate was considered necessary for adjustment if its inclusion or exclusion resulted in a ≥10% change in the odds ratio (OR). Criterion 2 required meeting Criterion 1 or having a covariate with a p-value < 0.1 in the univariate model (28). For model development, Model 1 was not adjusted while Model 2 was adjusted for age and BMI. Model 3 underwent further adjustments compared to Model 2, following either Criterion 1 or Criterion 2, specifically including age, BMI, hemoglobin, neutrophil, lymphocyte, monocyte, phosphorus, and platelet. Considering the sex-specific characteristics associated with diabetes status and trochanteric BMD, analyses were conducted separately for separate groups based on gender to analyze their interactions.

To assess the stability of subgroups and potential heterogeneity, we executed subgroup analyses repeatedly while categorizing a range of covariates. The interactions and modifications within subgroups were assessed utilizing the likelihood ratio test (LRT).




3 Results


3.1 Patient characteristics

This retrospective analysis included 710 patients aged 50 years and older with osteoporotic fractures, comprising 547 females and 163 males. The average trochanteric BMD among males was 0.57 ± 0.10 g/cm2, which was significantly higher than the 0.50 ± 0.10 g/cm2 observed in females (p < 0.001) (Table 1). There were no significant differences in age (females 71.53 ± 9.88 years, males 70.94 ± 11.07 years, p = 0.514) or BMI (females 22.76 ± 3.16 kg/m2, males 22.32 ± 3.27 kg/m2, p = 0.121) between the sexes. Males exhibited slightly higher levels of serum magnesium and sodium, while females had higher phosphorus levels, all showing statistical significance. No significant differences were observed in platelet count, hemoglobin, and albumin levels between the sexes, and the prevalence rates of diabetes and hypertension were similar across the groups.



TABLE 1 Patient characteristics based on different sex groups.
[image: Table1]

Supplementary Table S1 describes patient characteristics categorized by diabetes status. Among the 710 patients, 537 patients had no diabetes, while 173 were diagnosed with the condition. A comparative analysis revealed no significant differences in trochanteric BMD between the non-diabetic (0.51 ± 0.10 g/cm2) and the diabetic groups (0.52 ± 0.10 g/cm2, p = 0.188). Age and BMI also showed no significant differences between these groups. Moreover, the diabetic group had slightly lower levels of blood magnesium and sodium, whereas platelet and hemoglobin levels were higher in the non-diabetic group. Moreover, the non-diabetic group also indicated significantly higher neutrophil and lymphocyte counts compared to the diabetic group. These baseline characteristics provide a crucial context for exploring the association between diabetes and bone density.



3.2 Univariate analysis of trochanteric BMD

Univariate analysis highlights significant associations between several clinical factors and trochanteric BMD (Supplementary Table S2). Furthermore, age (β = −0.004, p < 0.001) and BMI (β = 0.008, p < 0.001) showed robust associations with trochanteric BMD, with age inversely related and BMI positively related. Phosphorus levels negatively influenced trochanteric BMD (β = −0.056, p = 0.001), whereas serum uric acid also presented a slight negative correlation (β = −0.000, p = 0.004). Furthermore, higher ASA scores correlated with lower trochanteric BMD, specifically in patients with an ASA score of ≥3 (β = −0.077, p < 0.001). Lumbar vertebra fractures were associated with increased trochanteric BMD (β = 0.028, p = 0.007).



3.3 Evaluation of the relationship between diabetes and trochanteric BMD

The relationship between diabetes status and trochanteric BMD in various models, with sex as a variable, is displayed in Table 2. The analysis comprises three distinct models: a model with no adjusted, a model with minimally adjusted, and a model with fully adjusted. There was no substantial correlation noted between diabetes status and trochanteric BMD in either males or females in the non-adjusted model. In both sex groups, the minimally-adjusted model, which adjusted for age and BMI, failed to identify a statistically significant link between diabetes status and trochanteric BMD. Further variables were incorporated into the fully adjusted model, such as the quantity of platelets, neutrophils, lymphocytes, monocytes, phosphorus, and hemoglobin levels. There was no statistically significant correlation observed between diabetes status and trochanteric BMD in the females (β = 0.010, 95% CI −0.008 to 0.028, p = 0.256). A noteworthy positive correlation was identified between diabetes status and trochanteric BMD in males (β = 0.040, 95% CI 0.006 to 0.075, p = 0.022). This implies that males with diabetes exhibited considerably greater trochanteric BMD values relative to their non-diabetic males. The correlation between diabetes status and trochanteric BMD became highly significant when both sexes were taken into account (β = 0.017, 95% CI 0.001 to 0.033, p = 0.035).



TABLE 2 Association between diabetes status and trochanteric BMD in different models.
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Further analyses presented in Supplementary Tables S3, S4 explored the relationship between diabetes status and BMD at various anatomical sites, with adjustments for different covariates. Supplementary Table S3, using a fully adjusted model, demonstrated a significant positive correlation between diabetes status and lumbar spine BMD (β = 0.026, 95% CI: 0.002 to 0.050, p = 0.036). Although correlations in other skeletal regions were not consistently significant, the effect sizes indicated a uniform trend across these areas. Supplementary Table S4 assessed the impact of varying sets of covariates across three models, particularly noting in Model 3 that after adjusting for age, BMI, lymphocytes, monocytes, phosphorus, platelets, BUN, hypertension, ASA score, and CCI score, a significant association was found between diabetes and trochanteric BMD in males (β = 0.049, 95% CI: 0.011 to 0.087, p = 0.013). These findings suggest that diabetes is modestly but significantly associated with an increase in trochanteric BMD, particularly in males, when a wide range of confounding factors are considered.



3.4 Subgroup analysis

This study stratified all subgroups by age, sex, BMI, hemoglobin levels, quantification of neutrophils count, lymphocytes count, monocytes count, phosphorus levels, and platelets to further validate the reliability of the resultant outcomes in the fully adjusted model when potential confounding variables were represented.

These covariates were adjusted in all analyses, except for the subgroup variable. A remarkably consistent pattern is presented in Table 3, and interactions were not detected across any stratification (all p-values for interactions were greater than 0.05).



TABLE 3 Subgroup analyses exploring the association between diabetes status and trochanteric BMD.
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4 Discussion

The present retrospective analysis study aimed to examine a correlation between diabetes status and trochanteric BMD in a diverse group of 710 admitted OFF patients. Various subgroup analyses were carried out to correspond with the identified variables, diabetes status, and trochanteric BMD, in addition to an examination of patient profiles. By incorporating further variables into the fully adjusted model, the findings reveal a positive and remarkable relationship between diabetes status and trochanteric BMD in patients with OPFs. The results indicated that patients with diabetes possessed substantially higher trochanteric BMD values than those without diabetes. Further, based on sex identity, male patients exhibited a significant positive relationship between their diabetes status and trochanteric BMD, whereas no such correlation was noted in female patients.

Multiple studies demonstrated a strong relationship between diabetes status and BMD. Different populations, including postmenopausal women (29), and elderly individuals (30, 31), have exhibited this correlation. A meta-analysis encompassing 15 studies with a total of 852,705 male and female participants revealed that individuals with diabetes mellitus exhibit significantly higher BMD compared to non-diabetic individuals. The analysis of individual participant data demonstrated a consistent association between type 2 diabetes and increased femoral neck BMD (FN-BMD) at baseline, with coefficients of β = 0.029 (95% CI 0.018–0.041) for males and β = 0.046 (95% CI 0.039–0.053) for females. After adjusting for BMI, although this association was attenuated, it remained statistically significant, with coefficients of β = 0.013 (95% CI 0.01–0.025) for males and β = 0.022 (95% CI 0.015–0.029) for females (32). These studies indicate that individuals with diabetes typically exhibit higher BMD compared to those without diabetes. Our study corroborates the findings of most previous studies, demonstrating that patients with type 2 diabetes exhibit higher trochanteric BMD compared to non-diabetic individuals. Similarly, this research contributes to the existing literature by highlighting significant sex differences, particularly the stronger correlation between diabetic status and increased BMD observed in male patients.

However, some studies have suggested that male veterans (33), young females (34), and elderly males (35) exhibit a negative relationship between diabetes status and BMD. In contrast to healthy controls of the same age and sex, people with type 2 diabetes possessed substantially lower BMD in the lumbar spine and femoral neck, based on the findings of a prospective cross-sectional study executed in India. Bone loss and osteoporosis are suggested as consequences of diabetes in the study (36). Moreover, some observational studies (37) have indicated that diabetes and the incidence of osteoporosis and fractures do not appear to have a causal connection. These discrepant findings may be attributed to heterogeneity in study methodologies, diagnostic criteria, population characteristics, and individual demographic factors. In our investigation, we observed a positive independent association between diabetes status and trochanteric BMD, specifically in patients with OPFs.

The precise mechanism by which diabetes is associated with bone metabolism is still not fully defined. Several interconnected pathways may explain the increased bone density observed in diabetic patients. Different studies have suggested that the anabolic effect of insulin on bone tissue has been linked to higher BMD (38). Insulin resistance, characterized by decreased cellular responsiveness to insulin signaling, is a hallmark of type 2 diabetes. Hyperinsulinemia is a compensatory response characterized by elevated circulating insulin levels due to pancreatic β-cell hypersecretion (39). Due to the anabolic impact of insulin on bone metabolism, people with hyperinsulinemia demonstrate an increased BMD (40). Further, the synthesis and regulation of sex hormone-binding globulin (SHBG) may be influenced by hyperinsulinemia. SHBG is a protein that binds to reproductive hormones, including testosterone and estrogen, to decrease their bioavailability. However, hyperinsulinemia has the potential to inhibit hepatic SHBG secretions, thereby leading to a decline in SHBG levels in circulation. This reduction in SHBG levels results in increased concentrations of free, biologically active reproductive hormones (41). Enhancement of these secreted hormones has been associated with favorable impacts on bone health (42, 43). Further research is necessary to determine the exact mechanisms that support these findings and to explore possible therapeutic options that target inflammation and bone health in diabetic patients.

The findings of this study revealed a substantial increase in trochanteric BMD in males with diabetes relative to control participants; however, no such correlation was observed in females. This innovative result contrasts with previous studies and emphasizes the need to consider sex-specific impacts when evaluating bone health and fracture risks in diabetic patients. The underlying mechanisms for this sex-specific variation in BMD among diabetic patients remain complex and multifaceted. This might be associated with the differential impact of sex hormones, particularly in postmenopausal women. Estrogen plays a crucial role in bone metabolism, primarily by inhibiting the activity of osteoclasts, which are cells responsible for bone resorption. Furthermore, estrogen binds to specific receptors on osteoclasts, suppressing their formation and activity, and promoting apoptosis (44). This hormonal interaction helps maintain bone density by balancing the rates of bone formation and resorption. However, estrogen levels are significantly reduced in postmenopausal women, substantially reducing its protective effect on bone mass. During the postmenopausal period, this reduction in estrogen level increases osteoclast activity and accelerates bone resorption, consequently decreasing bone density and increasing fracture risk (45). This compromised hormonal protection may explain why females with diabetes do not exhibit the increased BMD observed in their male counterparts.

Another potential mechanism for the increased BMD in diabetic patients relates to elevated levels of insulin and insulin-like growth factor-1 (IGF-1), particularly during the early stages of diabetes or in cases characterized by insulin resistance. These anabolic hormones promote bone formation and increase BMD (46). A cross-sectional study revealed sex-specific differences in the relationship between IGF-1 levels, BMD, and fracture risk among Chinese patients with T2DM. Moreover, in men, IGF-1 levels were positively correlated with BMD at the femoral neck and total hip, and negatively linked with the 10-year probability of major osteoporotic fractures (MOFs) and hip fractures (HFs) (47). These data further validate the potential role of IGF-1 in enhancing BMD. The observed sexual dimorphism in IGF-1’s effects on bone metabolism could be attributed to multiple factors, including sex-specific variations in hormonal profiles, body composition parameters (muscle mass and fat distribution), and fundamental differences in skeletal architecture.

Despite higher bone density, diabetes patients still indicate an elevated risk of fractures. This phenomenon, known as the “diabetic paradox of bone fragility,” suggests that factors other than bone density may also influence fracture risk (14). This paradoxical relationship challenges conventional assessments of fracture risk that primarily rely on bone mineral density measurements. A cohort study in Canada identified diabetes as a significant independent risk factor for severe osteoporotic fractures among individuals aged ≥40, with a hazard ratio of 1.32 (95% CI 1.20–1.46) (48). Moreover, alterations in bone microarchitecture and material properties may play a critical role. Therefore, the National Bone Health Alliance recommends using parameters such as trabecular microarchitecture or cortical porosity to diagnose osteoporosis in T2DM patients (49). Diabetes is also associated with increased advanced glycation end-products (AGEs) in the bone matrix, which may reduce bone toughness (50). The accumulation of AGEs affects collagen cross-linking and compromises the mechanical properties of bone tissue (51). Moreover, diabetic complications such as neuropathy could increase the risk of falls, which further elevates fracture risk independently of bone density (52). This multifactorial nature of fracture risk in diabetes necessitates a comprehensive approach to prevention and treatment.

The findings of this study carry significant clinical implications. Primarily, it underscores the importance of diabetes as a potential determinant of bone density in patients with osteoporosis, particularly in males. Currently, the diagnosis of osteoporosis is primarily based on bone density measurements (53). For diabetic patients, even those with higher bone density than non-diabetic individuals, treatment should be considered at more favorable bone density levels due to the potential underestimation of their fracture risk (54). Recently, the American Diabetes Association updated its 2024 Standards of Medical Care in Diabetes, suggesting that a T-score of −2.0 in diabetic patients should be interpreted as equivalent to a T-score of −2.5 in non-diabetic patients (55). Therefore, clinicians assessing fracture risk and designing treatment plans for diabetic patients should incorporate diabetes as a significant factor in their fracture risk evaluations. This approach may facilitate the identification of patients requiring targeted preventive interventions. It is crucial to note that higher bone density in diabetic patients does not necessarily correlate with a lower risk of fractures. As demonstrated by Schwartz et al. (56), diabetic patients exhibited higher fracture rates despite elevated BMD values. Due to the focus of this study on a population with osteoporotic fractures, a comprehensive assessment of fracture risk was not feasible. Future studies should address the fracture and recurrent fracture risks in this specific population. Similarly, these findings could significantly contribute to the development of treatment strategies for osteoporosis in diabetic patients. In particular, rigorous glycemic control may be especially crucial for patients prone to osteoporotic fractures. Further investigations are warranted to elucidate the underlying mechanisms and to investigate potential therapeutic targets to enhance bone health in this specific demographic.

Multiple significant strengths are evident in the present study. Initially, a comprehensive screening procedure was employed to select the study participants. Further, a variety of potential confounding variables have been adjusted in three distinct models that investigated the relationship between diabetes status and trochanteric BMD meticulously. Further, sensitivity analyses were carried out to verify the reliability and accuracy of the outcomes and to support the integrity of our findings.

However, there are limitations to this study. Firstly, due to restricted database information, we were unable to include several factors associated with fracture risk, including the duration of diabetes, its complications (notably neuropathy), the use of anti-diabetic medications, other treatments, patients’ history of falling, and body composition data such as muscle mass and fat mass. In addition, baseline T-score data was not collected. Although T-scores are crucial for assessing comparative bone density metrics, our study relied on data extracted from the electronic medical records of hospitalized patients. The current configuration of our electronic medical record system does not support the direct extraction of T-scores from DXA imaging reports into our research database. This technical constraint prevented the inclusion of these valuable metrics. Future studies should consider incorporating these indicators to more comprehensively elucidate their association with fracture risk. Furthermore, this study employed a retrospective analysis design. While we did observe a correlation between diabetes status and trochanteric BMD in the patients, this finding does not provide sufficient evidence to support a causal connection. To establish causality, specific treatment trials are required. Moreover, the study was carried out in a single center using a comparatively limited sample size. To address these limitations, conducting extensive, multicenter randomized controlled trials that comprise a wide range of racial and ethnic groups is crucial to improve the accuracy and validity of resultant outcomes. Future research directions should include a greater number of relevant indicators, longitudinal study designs, and larger and more diverse populations.



5 Conclusion

This study revealed novel insights demonstrating that diabetes is linked to elevated trochanteric BMD, specifically in male patients, which deviates from previous research findings. These findings highlight the value of adjusting for sex-specific effects and underscore the importance of further comprehensive investigations, thereby enhancing our knowledge of the correlation between diabetic status and bone health. These findings have important implications for the development of protective and treatment strategies for osteoporosis in diabetic patients.
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