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Abstract
Older adults with diabetes mellitus, encompassing both type 1 diabetes (T1D) and type 2 diabetes (T2D), face a substantially 
elevated risk of fragility fractures, contributing significantly to morbidity and mortality in this vulnerable population. The 
underlying pathophysiology differs between the two types: T1D is typically characterized by reduced bone mineral density 
(BMD) stemming from insulinopenia, whereas T2D often presents with normal or even high BMD but compromised bone 
quality due to factors, including altered microarchitecture, accumulation of advanced glycation end products (AGEs), and 
low bone turnover. These distinct mechanisms create challenges for accurate fracture risk assessment, as standard tools such 
as dual-energy X-ray absorptiometry (DXA)-measured BMD and the Fracture Risk Assessment Tool (FRAX) often under-
estimate the true risk, particularly in T2D. Effective management necessitates a comprehensive, individualized approach. 
This includes optimizing glycemic control while minimizing hypoglycemia, implementing lifestyle modifications such as 
adequate nutrition (calcium, vitamin D, protein) and appropriate exercise, and crucially, proactive fall prevention strategies. 
Careful consideration must be given to the selection of antidiabetic medications, avoiding agents known to harm bone (e.g., 
thiazolidinediones) and preferring those with neutral or potentially beneficial skeletal effects (e.g., metformin, dipeptidyl 
peptidase-4 inhibitors [DPP-4i], glucagon-like peptide-1 receptor agonists [GLP-1 RAs]). Osteoporosis pharmacotherapies, 
including antiresorptive (bisphosphonates, denosumab) and anabolic agents (teriparatide, abaloparatide, romosozumab), 
appear effective in patients with diabetes largely on the basis of post hoc analyses and observational data, although evidence 
specific to this population remains limited. Integrating geriatric principles, such as assessing frailty and polypharmacy, is 
essential for optimizing care and improving outcomes for older adults with diabetes and bone fragility.

less, and they represent a major source of morbidity, mortal-
ity, and healthcare expenditure in older adults [3]. Globally, 
millions experience such fractures annually, leading to pain, 
disability, loss of independence, and increased mortality risk 
[3].

It is now unequivocally established that both type 1 diabe-
tes (T1D) and T2D are independent risk factors for fragility 
fractures [4]. While the relative risk increase is generally 
higher in T1D compared with T2D [5], the sheer prevalence 
of T2D makes it a major contributor to the overall fracture 
burden in older populations. Furthermore, patients with dia-
betes often experience worse post-fracture outcomes, includ-
ing higher rates of complications such as infection, delayed 
healing, functional decline, and increased mortality [5, 6].

Managing bone health in older adults with diabetes is 
complicated by several factors. A key challenge arises from 
the distinct pathophysiology affecting bone in T1D versus 
T2D. While T1D is often associated with lower bone mineral 
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1  Introduction

The confluence of aging populations and the escalating 
prevalence of diabetes mellitus presents a significant global 
public health challenge. Type 2 diabetes (T2D), in particu-
lar, affects a substantial proportion of older adults, with 
estimates suggesting that around 20% of individuals over 
60 years worldwide have the condition [1]. With advanc-
ing age, the prevalence of diabetes increases markedly. In 
2024, it was reported as 1.9% among adults aged 20–24 
years and is projected to rise to 2.2% by 2050, whereas it 
peaked at 24.8% among those aged 75–79 years in 2024 
and is expected to reach 25.4% by 2050 [2]. In older adults, 
another very significant concern is fragility fractures. Fra-
gility fractures are defined as fractures resulting from low-
energy trauma equivalent to a fall from standing height or 
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Key Points 

Older adults with both type 1 and type 2 diabetes have a 
significantly higher risk of bone fractures compared with 
nondiabetic individuals, driven by distinct underlying 
impairments in bone quantity (T1D) and quality (T2D).

Standard fracture risk assessment tools, including bone 
density scans (DXA) and FRAX, often underestimate 
fracture risk in diabetes; comprehensive evaluation 
incorporating fall risk, diabetes-specific factors, and 
potential assessment adjustments is necessary.

Management requires a personalized strategy focus-
ing on safe glycemic control, selecting bone-friendly 
antidiabetic medications, promoting adequate nutrition 
and exercise, preventing falls, and utilizing osteoporosis 
treatments when indicated on the basis of individualized 
risk.

density (BMD), emerging evidence suggests that alterations 
in bone quality may also contribute to fracture risk, albeit to 
a lesser extent than in T2D [7]. In contrast, T2D frequently 
presents a paradox: Patients exhibit normal or even elevated 
BMD measured by standard dual-energy X-ray absorptiom-
etry (DXA), yet still suffer from increased fracture rates [4]. 
This suggests that factors beyond bone mass, collectively 
termed “bone quality”—encompassing microarchitecture, 
material properties, and bone turnover—are significantly 
impaired in T2D [8]. Consequently, standard risk assess-
ment tools such as DXA and the Fracture Risk Assessment 
Tool (FRAX) often underestimate the true fracture risk in 
individuals with diabetes, particularly T2D [9].

This review aims to provide a comprehensive overview 
of the current understanding of bone fragility in older adults 
with T1D and T2D. It will delve into the distinct and shared 
pathophysiological mechanisms, discuss the challenges in 
risk assessment, and summarize evidence-based manage-
ment strategies. A particular focus will be placed on phar-
macological considerations, including the skeletal effects of 
various antidiabetic medications and the efficacy and safety 
of osteoporosis therapies within this specific patient popula-
tion. Emerging concepts and future research directions will 
also be explored.

Literature search and study selection: This invited nar-
rative review is based on a comprehensive, nonsystematic 
literature search conducted in PubMed and Web of Science. 
Relevant articles published in English were identified using 
combinations of keywords, including diabetes, bone health, 
bone quality, osteoporosis, and fracture risk. Priority was 
given to recent review articles, clinical studies, and land-
mark papers that addressed pathophysiological mechanisms, 
fracture risk assessment, and clinical management of bone 

health in older adults with diabetes. Articles were selected 
on the basis of their relevance, scientific quality, and clinical 
significance

2 � Pathophysiology of Increased Bone 
Fragility in Older Adults with Diabetes

The increased propensity for fractures in individuals with 
diabetes stems from complex alterations in bone metabo-
lism, structure, and material properties. While hyperglyce-
mia and its consequences, such as the formation of advanced 
glycation end products (AGEs), represent common detri-
mental factors in both T1D and T2D, the predominant mech-
anisms driving bone fragility differ significantly between the 
two conditions [4]. T1D primarily impacts bone quantity, 
leading to lower BMD, whereas T2D predominantly affects 
bone quality, resulting in compromised microarchitecture 
and material strength despite often normal or even elevated 
BMD [4].

2.1 � Mechanisms Specific to Type 1 Diabetes

The cornerstone of bone pathology in T1D is the autoim-
mune destruction of pancreatic β cells, leading to absolute 
insulin deficiency [10]. Insulin is a potent anabolic hormone 
for the skeleton, stimulating osteoblast proliferation and 
differentiation, promoting collagen synthesis, and inhibit-
ing osteoblast apoptosis [11]. The absence of this crucial 
anabolic signal in T1D directly impairs bone formation and 
contributes to a state of reduced bone mass [4].

Consequently, T1D is classically associated with reduced 
BMD compared with age-matched controls, an effect par-
ticularly noted in cortical bone [4]. Studies have reported 
lower BMD predominantly at the femur, with potentially 
less impact on vertebral BMD [8]. Alterations in bone geom-
etry, such as reduced cortical thickness alongside increased 
cross-sectional area, have also been described, suggest-
ing adaptive changes alongside deficits [12]. However, the 
observed reduction in BMD, while significant, often does 
not fully account for the magnitude of the increased fracture 
risk seen in T1D, pointing toward additional impairments in 
bone quality [4]. As such, in the standard FRAX model, type 
1 diabetes is considered under secondary osteoporosis and 
can therefore be selected as a fracture risk-increasing factor 
in the risk assessment [13].

Other hormonal factors contribute to bone fragility 
in T1D. Insulin deficiency leads to reduced levels and/or 
action of insulin-like growth factor 1 (IGF-1), another criti-
cal regulator of osteoblast function and bone formation [14]. 
Furthermore, amylin, a hormone co-secreted with insulin 
by β cells that normally inhibits osteoclasts and stimulates 
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osteoblasts, is also deficient in T1D, potentially exacerbating 
the imbalance in bone remodeling [4].

A critical aspect influencing lifelong skeletal health in 
T1D is the typical age of onset. As T1D often manifests dur-
ing childhood or adolescence, it coincides with the crucial 
period of peak bone mass accrual [15]. The lack of adequate 
anabolic signaling during these formative years likely results 
in the attainment of a lower peak bone mass. This establishes 
a weaker skeletal foundation, making individuals with T1D 
inherently more susceptible to age-related bone loss and 
subsequent fractures later in life, irrespective of subsequent 
glycemic control or the development of complications. This 
early impact on skeletal development represents a funda-
mental difference compared with T2D, which usually devel-
ops after peak bone mass has been achieved.

2.2 � Mechanisms Specific to Type 2 Diabetes: The 
Bone Quality Paradox

T2D presents a more complex picture regarding bone 
health, often termed the “diabetic bone paradox” [4]. Unlike 
T1D, patients with T2D frequently exhibit normal or even 
increased BMD, particularly at the hip and spine [1]. This 
is often attributed to factors associated with T2D, such as 
higher body weight leading to increased mechanical load-
ing, and the effects of hyperinsulinemia, particularly in the 
earlier stages of the disease [8].

Despite preserved or elevated BMD, individuals with 
T2D consistently demonstrate an increased risk of fragil-
ity fractures [4]. This discrepancy underscores that BMD, 
as measured by DXA, is an inadequate measure of bone 
strength in T2D. The increased fracture susceptibility is 
instead driven by impairments in “bone quality,” a term 
encompassing microarchitecture, material properties, and 
bone turnover dynamics [4]. This constellation of findings is 
sometimes referred to as “diabetic osteopathy” [8]. As such, 
some authors suggest signifying T2D equivalent to the risk 
with rheumatoid arthritis in classical FRAX models [16]. 
The newer FRAXplus also integrated T2D as a risk factor 
for fracture estimation [17].

Evidence for microarchitectural deterioration comes 
from various imaging modalities. Trabecular bone score 
(TBS), a texture parameter derived from lumbar spine DXA 
images that reflects trabecular microarchitecture, is consist-
ently found to be lower in individuals with T2D compared 
with controls, even in those with prediabetes [18]. High-
resolution peripheral quantitative computed tomography 
(HR-pQCT) studies have provided more direct evidence, 
revealing increased cortical porosity, particularly at the 
radius and tibia, in older individuals and postmenopausal 
women with T2D, especially those with fragility fractures 
[4]. This increased porosity weakens the cortical shell and 
reduces overall bone strength [14]. Notably, poorer cortical 

bone quality has been linked to the presence of microvas-
cular disease [5].

Beyond architecture, the intrinsic material properties of 
the bone tissue itself are compromised in T2D. In vivo bone 
microindentation studies have demonstrated a reduced Bone 
Material Strength index (BMSi) in patients with T2D com-
pared with controls, suggesting increased brittleness [14]. 
This impairment in material strength is thought to be sig-
nificantly influenced by the accumulation of AGEs within 
the bone matrix [14].

Furthermore, T2D is generally characterized as a state of 
low bone turnover [8]. Meta-analyses and histomorphometry 
studies consistently show reduced levels of both bone for-
mation and resorption markers, as well as a decreased bone 
formation rate and increased mineralization lag time [8]. 
Elevated levels of sclerostin, an inhibitor of the Wnt signal-
ing pathway crucial for bone formation, have been observed 
in T2D and may contribute to this low turnover state [8]. 
Reduced turnover can impair the repair of microdamage 
accumulation, further contributing to bone fragility [12].

The existence of the “diabetic paradox” carries sig-
nificant clinical implications. It clearly demonstrates that 
relying solely on BMD measurements is insufficient and 
potentially misleading for assessing fracture risk in patients 
with T2D. Clinical attention must shift toward understand-
ing and, where possible, assessing the factors that influence 
bone quality—including microarchitecture, material proper-
ties, and turnover rates—as these appear to be the primary 
determinants of skeletal fragility in this patient population.

2.3 � Shared Mechanisms and Contributing Factors

While T1D and T2D have distinct primary drivers of bone 
fragility, several underlying mechanisms contribute to 
impaired bone health in both types, largely stemming from 
the consequences of chronic hyperglycemia and associated 
metabolic disturbances.

Hyperglycemia itself exerts direct detrimental effects on 
bone cells. High glucose levels can inhibit the function of 
osteoblasts and osteocytes, impairing their ability to synthe-
size bone matrix components and orchestrate mineraliza-
tion [4]. Furthermore, hyperglycemia can promote osteoblast 
apoptosis (programmed cell death) and senescence (cellular 
aging), further reducing bone formation capacity [10, 16, 
19]. In this context, recent experimental data indicate that 
osteocyte senescence represents a distinct and particularly 
important mechanism contributing to skeletal fragility in 
diabetes, especially in T2D. Osteocytes in diabetic condi-
tions have been shown to develop a senescence-associated 
secretory phenotype characterized by a proinflammatory 
profile, reflecting accelerated cellular ageing and potentially 
impairing their ability to regulate bone remodelling. On the 
basis of these observations, diabetes—especially T2D—has 
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been proposed as a model of accelerated skeletal ageing, in 
which increased osteocyte senescence may constitute a key 
mechanism underlying low bone turnover and deterioration 
of bone quality, a process that is likely to be particularly 
relevant in older adults with long-standing disease [9].

A major consequence of chronic hyperglycemia is the 
nonenzymatic glycation of proteins and lipids, leading to 
the formation and accumulation of advanced glycation end 
products (AGEs) [4]. Bone collagen, the primary structural 
protein of the organic matrix, is particularly susceptible to 
glycation. The accumulation of AGEs forms abnormal cross-
links within and between collagen molecules, leading to 
increased matrix stiffness, reduced elasticity and toughness, 
and ultimately, increased bone brittleness and fragility [4]. 
Beyond these direct structural effects, AGEs also impair cel-
lular function. They can inhibit osteoblast differentiation and 
mineralization processes [4]. Moreover, AGEs interact with 
their receptor (RAGE) on bone cells, triggering intracellular 
signaling pathways (such as NF-κB) that promote inflam-
mation and oxidative stress, leading to increased osteoclast 
formation and activity, thus enhancing bone resorption [4]. 
Higher AGE levels have been correlated with lower TBS and 
BMSi values, linking them directly to impaired microarchi-
tecture and material strength [14]. The central role of AGEs 
in directly translating hyperglycemia into poor bone quality 
makes them a critical factor in diabetic bone disease and a 
potential focus for future therapeutic interventions.

Diabetes is also recognized as a state of chronic, low-
grade inflammation and increased oxidative stress [4]. Ele-
vated levels of proinflammatory cytokines, such as tumor 
necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6), are 
commonly found in patients with diabetes, particularly those 
with obesity [20]. These cytokines disrupt the delicate bal-
ance of bone remodeling by stimulating osteoclastogenesis 
(bone resorption) and inhibiting osteoblast differentiation 
(bone formation) [4]. Increased production of reactive oxy-
gen species (ROS) further contributes to cellular damage and 
dysfunction within the bone microenvironment [4].

Alterations in adipose tissue metabolism and signaling 
also play a role, particularly in T2D. Dysregulation of adi-
pokines, hormones secreted by adipose tissue, may contrib-
ute to bone fragility. For instance, levels of adiponectin, 
which may have anabolic effects on osteoblasts and inhibi-
tory effects on osteoclasts, are often low in T2D [20]. Leptin 
levels may also be altered, potentially affecting bone resorp-
tion and density differentially in cortical versus trabecular 
bone [20]. Furthermore, there is evidence of increased bone 
marrow adiposity in diabetes, potentially occurring at the 
expense of osteoblastogenesis, as both cell types arise from 
common mesenchymal progenitors [21]. Reduced brown 
adipose tissue activity, which normally secretes bone-ana-
bolic factors, has also been noted in T2D and obesity [20].

2.4 � Impact of Diabetic Complications on Bone 
Health

The systemic nature of diabetes means that its complications 
affecting other organ systems can further exacerbate bone 
fragility and increase fracture risk.

Microvascular complications, including retinopathy, 
nephropathy, and neuropathy, are consistently linked to 
poorer skeletal outcomes in both T1D and T2D [22]. Patients 
with these complications tend to have lower BMD (espe-
cially in T1D) [12], increased cortical porosity, detrimental 
alterations in microarchitecture, and a significantly higher 
risk of fractures compared with patients with diabetes with-
out complications. In later life, long-standing T1D and the 
accumulation of diabetes-related complications, particularly 
microvascular disease and neuropathy, further contribute 
to impaired bone quality and increased fracture risk. The 
mechanisms linking microvascular disease to bone fragility 
likely involve impaired blood supply to the bone (cortical 
microangiopathy), hindering nutrient delivery and waste 
removal essential for bone health [12]. Additionally, shared 
pathogenic factors such as the accumulation of AGEs and 
chronic inflammation likely contribute to damage in both 
the microvasculature and the skeleton [23]. The presence 
of microvascular complications should therefore be consid-
ered a significant clinical indicator of heightened underly-
ing bone quality deficits and substantially increased fracture 
risk, warranting more aggressive screening and preventative 
measures for bone health.

Recent evidence further supports the concept that skeletal 
fragility should be considered an additional chronic com-
plication of diabetes, closely linked to the microvascular 
disease spectrum. In a recent clinical review, Sharma et al. 
proposed that diabetic bone disease represents a distinct 
microvascular-related complication, integrating microan-
giopathy, AGE accumulation, chronic inflammation, and 
increased fall risk as converging mechanisms leading to 
fractures [10]. In addition to microvascular disease, clinical 
evidence also suggests an association between macrovascu-
lar complications and skeletal fragility in diabetes. In large 
population-based cohorts of patients with T2D, a history 
of atherosclerotic cardiovascular disease—such as ischemic 
heart disease and stroke—has been identified as an inde-
pendent predictor of hip and major osteoporotic fractures. 
These findings indicate that macrovascular disease may act 
as a clinical marker of increased fracture risk in diabetes, 
potentially reflecting shared alterations in vascular health 
and bone remodeling [24].

Diabetic neuropathy has multifaceted effects. Peripheral 
sensory neuropathy diminishes protective sensation and 
impairs balance, while autonomic neuropathy can cause 
orthostatic hypotension; both significantly increase the risk 
of falls [25]. Motor neuropathy can contribute to muscle 
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weakness and sarcopenia, further impairing mobility and 
stability [26].

Diabetic nephropathy, leading to chronic kidney disease 
(CKD), introduces additional complexities through distur-
bances in mineral metabolism. Impaired kidney function 
affects calcium and phosphate homeostasis, vitamin D acti-
vation (reduced synthesis of active 1,25-dihydroxyvitamin 
D), and can lead to secondary hyperparathyroidism, col-
lectively contributing to CKD–mineral and bone disorder 
(CKD–MBD) [27].

Visual impairment resulting from diabetic retinopathy 
also significantly increases the risk of falls and subsequent 
fractures [22]. Cataract, which increases morbidity in DM, 
also further increases fall risk, contributing to increased 
fracture risk.

Recent evidence supports these mechanisms; for exam-
ple, in older adults with T1D, early disease onset and the 
presence of nephropathy or neuropathy were associated with 
unfavorable femoral neck bone outcomes, contributing to 
elevated hip fracture risk [28].

3 � Assessing Fracture Risk in the Older 
Patient with Diabetes

Accurately assessing fracture risk in older adults with diabe-
tes is crucial for implementing timely preventive strategies, 
yet it presents unique challenges. Standard assessment tools 
developed for the general population often prove insufficient 
owing to the complex interplay of factors affecting bone 
strength and fall propensity in diabetes [9]. Both impaired 
bone quality, which is not captured by conventional BMD 
measurements, and a heightened risk of falls contribute 
significantly to the elevated fracture rates observed in this 
population [22].

In this regard, FRAX plus has room to improve fracture 
risk assessment when compared with the original FRAX as 
it incorporates DM, falls, and other measures to assess bone 
microarchitecture [17]. However, cost emerges as a limiting 
issue in its use.

3.1 � Fracture Epidemiology in Older Adults 
with Diabetes

Epidemiological studies consistently demonstrate a sig-
nificantly increased incidence of fragility fractures in older 
adults with both T1D and T2D, compared with their non-
diabetic counterparts [29]. The elevation in risk is not only 
particularly pronounced for hip fractures [1] but also affects 
vertebral and certain nonvertebral sites such as the foot [1]. 
Data for wrist and proximal humerus fractures are less con-
sistent [30]. T1D generally confers a higher relative risk, and 

fractures tend to occur at an earlier age compared with T2D 
or individuals without diabetes [5].

Across all age groups, individuals with T1D have greater 
fracture risk than their nondiabetic peers; for instance, 
women aged 40–49 years have an 82% higher risk of any 
fracture, whereas men aged 60–69 years show a twofold 
increased risk of overall fractures and more than a fourfold 
increased risk of hip fractures after adjustment for confound-
ers [31]. These observations are reinforced by meta-analyses 
demonstrating that hip fracture risk is substantially higher in 
T1D than in T2D, with nonoverlapping confidence intervals, 
suggesting a greater magnitude of risk in T1D [32, 33]. Col-
lectively, these findings imply that distinct mechanisms may 
underlie skeletal fragility in T1D and T2D.

Several factors modulate fracture risk within the diabetic 
population. Increasing age is a universal risk factor, but its 
interaction with diabetes can be complex, with some studies 
suggesting that the relative risk conferred by diabetes may 
be higher in younger individuals compared with the oldest 
old, where background risk is already high [5]. Longer dura-
tion of diabetes, often cited as greater than 5 or 10 years, is 
associated with increased risk [5]. Poor glycemic control, 
typically defined as HbA1c levels above 7% or 8%, is also 
linked to higher fracture rates, likely reflecting the cumula-
tive burden of hyperglycemia and associated complications 
[5]. The presence of microvascular and neuropathic com-
plications significantly elevates risk [22]. Insulin use is fre-
quently identified as a risk factor, although this is likely con-
founded by disease severity, longer duration, and increased 
risk of hypoglycemia [1]. Some evidence suggests a biphasic 
pattern in T2D, with risk potentially lower in the initial years 
after diagnosis before increasing significantly over time [5].

3.2 � Challenges with Standard Risk Assessment 
(BMD, FRAX)

The assessment of fracture risk in older patients with dia-
betes is hampered by the limitations of standard diagnostic 
tools when applied to this population. DXA-measured BMD, 
the cornerstone of osteoporosis diagnosis, is particularly 
problematic in T2D. As discussed previously (Sect. 2.2), 
BMD values in T2D are often normal or even elevated, 
failing to reflect the underlying skeletal fragility [1]. This 
is because DXA primarily measures bone mass (quantity) 
and cannot adequately capture the deficits in bone quality—
microarchitecture and material properties—that are central 
to diabetic bone disease [8].

The FRAX tool, which calculates the 10-year probability 
of major osteoporotic and hip fractures by integrating clini-
cal risk factors with or without femoral neck BMD, also per-
forms suboptimal in diabetes. While T1D is listed as a cause 
of secondary osteoporosis within the tool [13], T2D is not 
explicitly included as an input variable. Numerous studies 
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have demonstrated that FRAX systematically underestimates 
fracture risk in individuals with diabetes, particularly T2D 
[34]. Validation studies comparing FRAX predictions to 
observed fracture incidence in diabetic cohorts consistently 
show that actual fracture rates are higher than those pre-
dicted by the algorithm [35]. This underestimation can be 
substantial, ranging from 20 to 80% in certain subgroups, 
such as Hispanic women, Black men, those with long-stand-
ing diabetes (> 20 years), and the very old (> 80 years) 
[35]. The failure of these standard tools to accurately capture 
risk in patients with diabetes means that clinicians relying 
solely upon them may fail to identify high-risk individu-
als who could benefit from preventive interventions. This 
necessitates a shift in clinical practice toward approaches 
that specifically account for the impact of diabetes.

3.3 � Optimizing Risk Stratification in Diabetes

Given the limitations of standard BMD and FRAX assess-
ments, several strategies have been proposed and investi-
gated to improve fracture risk stratification in patients with 
diabetes, particularly T2D.

One approach involves adjusting the inputs or outputs of 
the FRAX calculation. Several methods have been studied 
(Table 1):

•	 Rheumatoid arthritis input: Using the “Yes” input for 
rheumatoid arthritis in the FRAX tool as a surrogate for 
the presence of T2D. This simple adjustment has been 
shown to partially attenuate the underestimation of risk, 
although residual underestimation, particularly for hip 
fractures, may persist [5].

•	 Trabecular bone score (TBS) adjustment:  Incorpo-
rating TBS, an index of lumbar spine microarchitec-
ture derived from DXA, into the FRAX calculation 
(TBS-adjusted FRAX). Since T2D is associated with 

lower TBS [18], and low TBS predicts fractures inde-
pendently of BMD and FRAX, this adjustment can 
improve risk prediction [17].

•	 BMD T-score adjustment: Empirically reducing the 
femoral neck T-score input into FRAX by a fixed 
amount, typically 0.5 standard deviations [36].

•	 Age adjustment: Empirically increasing the age input 
into FRAX by 10 years [37].

•	 Duration adjustment: The FRAXplus platform allows 
for adjustments on the basis of the duration of T2D, 
recognizing its influence on risk [17]. Beyond sim-
ple input adjustments, the FRAX Plus tool represents 
a more diabetes-specific extension of fracture risk 
assessment. By incorporating diabetes as an explicit 
risk modifier and accounting for disease duration, 
FRAX Plus better captures the cumulative skeletal 
burden of long-standing T2D, thereby reducing the 
underestimation of fracture risk observed with stand-
ard FRAX, particularly for hip fractures.

Comparative studies suggest that each of these adjust-
ments improves FRAX performance compared with the 
unadjusted score, although no single method appears opti-
mal in all circumstances, and some degree of underesti-
mation may remain, particularly for hip fracture risk [17].

Beyond FRAX adjustments, incorporating diabetes-
specific clinical factors into the overall risk assessment is 
essential. This includes considering the duration of diabe-
tes, level of glycemic control (HbA1c), history of insulin 
use, and the presence and severity of diabetic complica-
tions (neuropathy, nephropathy, retinopathy) [5].

Emerging technologies hold promise for better char-
acterizing bone quality noninvasively. Techniques such 
as HR-pQCT provide detailed microarchitectural infor-
mation but are largely confined to research settings [8]. 
Quantitative ultrasound (QUS) is being explored, with 

Table 1   Summary of proposed FRAX adjustments for patients with type 2 diabetes

FRAX fracture risk assessment tool, RA rheumatoid arthritis, SD standard deviation, T2D type 2 diabetes

Adjustment method Brief description Supporting 
evidence snippet 
IDs

Notes/limitations

Rheumatoid arthritis input Select “Yes” for RA clinical risk factor as a 
surrogate for T2D

[5] Simple; partially corrects risk; may still 
underestimate hip fracture risk

TBS adjustment Incorporate trabecular bone score (TBS) 
value into FRAX calculation (if available)

[16] Reflects microarchitecture; improves predic-
tion; requires TBS software/availability

T-score reduction Reduce femoral neck T-score input by 0.5 
SD

[35] Empirical adjustment; improves prediction

Age increase Increase age input by 10 years [35] Empirical adjustment; improves prediction
Duration adjustment (FRAXplus) Use FRAXplus tool to adjust on the basis of 

duration of T2D
[16] Accounts for duration effect; requires access 

to FRAXplus platform
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some recent studies suggesting potential advantages over 
DXA in discriminating fracture risk in patients with dia-
betes [38]. Various biomarkers reflecting bone turnover 
(e.g., P1NP, CTX), AGE accumulation (e.g., pentosi-
dine), inflammation, or novel regulators (e.g., sclerostin, 
microRNAs [miRNAs]) are under investigation but cur-
rently lack sufficient validation for routine clinical use in 
diabetes-specific risk assessment [9].

3.4 � The Critical Role of Falls Assessment

Fractures typically occur as a result of a fall, and older adults 
with diabetes are particularly vulnerable to falling [22]. 
Their risk of falling is significantly higher than that of their 
nondiabetic peers owing to a multitude of contributing fac-
tors inherent to the disease and its management [39].

Hypoglycemia, particularly when induced by insulin or sul-
fonylureas, is a major precipitant of falls owing to its potential 
to cause confusion, dizziness, and loss of consciousness [22]. 
Diabetic neuropathy contributes significantly through sensory 
loss in the feet, impaired proprioception and balance, and mus-
cle weakness. Autonomic neuropathy can lead to orthostatic 
hypotension, increasing the risk of syncope or near-syncope 
upon standing [25]. Visual impairment from diabetic retinopa-
thy reduces environmental awareness [40]. Furthermore, older 
adults with diabetes often have multiple comorbidities, leading 
to polypharmacy, which itself is a risk factor for falls [40]. Sar-
copenia (age-related loss of muscle mass and strength) is accel-
erated in diabetes, further compromising mobility and stability 
[40]. Cognitive impairment and frailty, both more prevalent in 
older adults with diabetes, also increase fall susceptibility [40].

Given this heightened fall risk profile, a comprehensive 
fall risk assessment should be considered an indispensable 
component of fracture prevention in older diabetic adults 
[40, 41]. Identifying and addressing modifiable risk fac-
tors through medication review (deprescribing, avoiding 
high-risk drugs), optimizing vision and blood pressure 
control, managing neuropathy, implementing home safety 
modifications, and prescribing appropriate exercise and 
balance training programs are crucial interventions [40]. 
The FRAXplus tool incorporates falls history as an adjust-
ment factor, acknowledging its importance [17]. Because 
falls are such a potent trigger for fractures, particularly hip 
fractures, effectively managing fall risk may provide one 
of the most impactful strategies for reducing fracture inci-
dence in this vulnerable population, complementing efforts 
aimed at improving bone density and quality. Assessment of 
falls can be performed by World Falls Guideline, which is a 
comprehensive consensus produced by a multidisciplinary 
committee [42]. In routine clinical practice, fall risk can be 
efficiently assessed using simple, validated bedside tests that 
require minimal time and equipment. The Timed Up and 
Go (TUG) test, one of the most widely used tools, involves 

standing up from a chair, walking 3 m, turning, returning, 
and sitting down; a completion time > 12 s is generally 
associated with increased fall risk and impaired mobility. 
The Five Times Sit-to-Stand test provides complementary 
information on lower-extremity strength and balance, with 
prolonged completion times indicating higher fall and frac-
ture risk. Additional measures such as usual gait speed (≤ 
0.8 m/s), single-leg stance, and tandem stance further assess 
balance and postural stability [43]. These tests should be 
interpreted alongside evaluation of orthostatic hypotension, 
peripheral neuropathy, visual impairment, and medication 
review to guide targeted fall-prevention strategies in older 
adults with diabetes. Beyond fall risk, frailty assessment is 
essential in older adults with diabetes, as frailty affects frac-
ture risk, treatment tolerance, and functional outcomes. In 
routine clinical practice, simple and rapid validated tools 
such as the Clinical Frailty Scale [44], Fried Frailty Scale 
[45], or the Simpler Modified Fried Frailty Scale [46–49] 
can be applied within a few minutes to identify vulnerable 
patients. In individuals with moderate-to-severe frailty, anti-
diabetic treatment should be carefully individualized, and 
referral for comprehensive geriatric assessment should be 
considered to prevent further functional decline and loss of 
autonomy.

4 � Current Management Approaches

Managing bone fragility in older adults with diabetes 
requires a multifaceted strategy that extends beyond gly-
cemic control alone. It encompasses targeted screening, 
lifestyle modifications focusing on nutrition and exercise, 
proactive fall prevention, careful selection of antidiabetic 
therapies considering their skeletal effects, and appropriate 
use of osteoporosis medications when indicated [5]. Given 
the heterogeneity of older adults in terms of health status, 
functional ability, comorbidities, and frailty, an individual-
ized, patient-centered approach is paramount [50].

4.1 � Screening and Diagnosis

Identifying individuals at high risk is the first step in preven-
tion. Current guidelines offer recommendations for screen-
ing, although their specific applicability to the diabetic 
population warrants consideration. The American Diabetes 
Association (ADA) 2024 Standards of Care recommend 
BMD testing using DXA for all adults aged 65 years and 
older, aligning with general population guidelines, and also 
for younger adults with multiple risk factors for fracture 
[51]. The International Society for Clinical Densitometry 
(ISCD) provides broader indications for BMD testing based 
on age (women ≥ 65 years, men ≥ 70 years) or the presence 
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of clinical risk factors such as low body weight, prior frac-
ture, or use of high-risk medications (e.g., glucocorticoids) 
in younger postmenopausal women and men aged 50–69 
years [52].

Notably, the ISCD also lists long-term (> 10 years) or 
poorly controlled diabetes as a condition conferring greater 
risk for impaired bone health in patients undergoing elec-
tive orthopedic surgery, suggesting consideration for DXA 
testing in that specific context [52].

Reflecting the concern that standard guidelines might not 
be sufficiently sensitive for the diabetic population, the Bone 
and Diabetes Working Group of the International Osteo-
porosis Foundation (IOF) has proposed considering BMD 
screening for any patient with diabetes-specific risk factors, 
such as disease duration exceeding 5 years or an HbA1c 
level above 7.0% [5]. This proactive approach acknowledges 
the earlier onset and often underestimated nature of fracture 
risk in diabetes. Despite these recommendations, screening 
rates remain low, with estimates suggesting only about a 
third of patients with diabetes undergo bone health evalu-
ations [19].

Once DXA is performed, the standard World Health Organi-
zation (WHO) diagnostic criteria for osteoporosis (T-score of 
− 2.5 or lower at the lumbar spine, total hip, or femoral neck) 
are applied [53]. However, clinicians must interpret these results 
cautiously in patients with T2D, recognizing that significant 
fracture risk can exist even with T-scores in the osteopenic or 
normal range. Reflecting this, the ADA suggests considering 
antiresorptive therapy for patients with diabetes with a T-score 
≤ −2.0 or those who have experienced fractures [51]. Verte-
bral Fracture Assessment (VFA), performed concurrently with 
DXA, should be considered on the basis of clinical indicators 
such as significant height loss (> 4 cm), self-reported prior ver-
tebral fracture, older age (women ≥ 70 years, men ≥ 80 years), 
or long-term glucocorticoid use, to detect prevalent vertebral 
deformities, which are strong predictors of future fractures [52].

Standard laboratory investigations to exclude secondary 
causes of osteoporosis are also appropriate.

The potential inadequacy of current screening guide-
lines, largely mirroring those for the general population, is 
a concern. Given the elevated fracture risk that may manifest 
earlier or independent of traditional risk factors in diabe-
tes, particularly T2D, a lower threshold for BMD testing 
or the formal incorporation of diabetes-specific risk factors 
(duration, glycemic control, complications) into screening 
algorithms warrants serious consideration to ensure timely 
identification and intervention.

4.2 � Nonpharmacological Strategies

Lifestyle interventions form the foundation of bone health 
management for all older adults, including those with 
diabetes.

Adequate nutrition is crucial. Ensuring sufficient intake 
of calcium, typically recommended at 1000 mg/day for 
men aged 50–70 years and 1200 mg/day for women ≥ 
51 years and men ≥ 71 years, is important, utilizing sup-
plements if dietary intake is insufficient [53]. Vitamin D 
status should be assessed and optimized, as deficiency is 
common and exacerbates bone loss and muscle weakness. 
The Endocrine Society’s 2024 guideline suggests empiric 
vitamin D supplementation for individuals aged 75 years 
and older owing to its potential to lower mortality risk [54, 
55], aligning with the IOF recommendation of targeting 
serum 25-hydroxyvitamin D levels of at least 75 nmol/L 
(30 ng/mL) in older adults for optimal fall and fracture 
reduction [56]. It is worth noting that “For adults with 
high-risk prediabetes, in addition to lifestyle modification, 
we suggest empiric vitamin D supplementation to reduce 
the risk of progression to diabetes” is recommended in the 
Endocrine Society’s 2024 guideline [57–59].

However, of note, there are concerns to setting the 
threshold to 30 ng/mL [60], and the 2024 Endocrine Soci-
ety Guideline updated its recommendation to no longer 
endorse the target 25(OH)D level of 30 ng/mL (75 nmol/L) 
suggested in the previous guideline [54]. In general, a 
25-hydroxyvitamin D level > 20 ng/mL is considered 
adequate for musculoskeletal outcomes [54, 61].

Adequate protein intake is also vital, particularly for 
frail older adults, to counteract sarcopenia and maintain 
muscle mass [8]. Some evidence suggests a Mediterranean 
dietary pattern may be beneficial for reducing fracture risk 
in T2D [8]. The Mediterranean diet has also emerged as a 
way to combat sarcopenia as well [62].

Regular physical activity, incorporating both weight-
bearing (e.g., walking) and resistance exercises (strength 
training), is recommended to provide a beneficial mechani-
cal load to the skeleton and prevent excessive bone loss 
in people with type 2 diabetes. This recommendation is 
based on evidence from a systematic review, including 
several studies conducted in older adults, supporting its 
relevance for older adults with diabetes [63, 64]. Impor-
tantly, recommendations for older adults emphasize not 
only aerobic and resistance training but also balance and 
flexibility exercises to reduce fall risk and address frailty. 
In older adults with diabetes—who are at increased risk of 
falls, particularly in the presence of peripheral neuropathy 
or functional impairment—The American Diabetes Asso-
ciation specifically recommends flexibility and balance 
training two to three times per week [65]. In addition, in a 
dedicated review focusing on diabetic elderly populations, 
Ferriolli et al. recommend combined aerobic and resist-
ance training as the preferred modality, with resistance 
exercise being especially suitable for frail and vulnerable 
older adults, and with careful attention to hypoglycemia, 
orthostatic hypotension, and comorbidities [66]. Exercise 
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also plays a key role in improving glycemic control and 
facilitating weight management in T2D [64, 66]. Exercise 
programs must be tailored to the individual’s capabilities 
and health status, especially considering potential limita-
tions owing to diabetic complications or frailty [64].

Fall prevention strategies are one of the most critical non-
pharmacological interventions for older adults with diabetes, 
given their markedly increased fall risk. This requires a mul-
tifactorial approach, including: regular medication review to 
minimize polypharmacy and identify drugs increasing fall 
risk (e.g., sedatives, agents causing orthostasis or hypogly-
cemia); screening for and managing orthostatic hypotension; 
optimizing vision through regular eye exams and appropriate 
corrective lenses; assessing and managing peripheral neu-
ropathy, potentially including protective footwear; conduct-
ing home safety evaluations to remove hazards; and recom-
mending specific exercise programs incorporating balance, 
gait, and strength training, often guided by physical therapy. 
The high prevalence of diabetes-specific fall risk factors 
underscores the paramount importance of these measures.

Finally, general lifestyle advice includes smoking cessa-
tion and avoiding excessive alcohol consumption, both of 
which negatively impact bone health [8].

4.3 � Glycemic Management Considerations for Bone 
Health

Optimizing glycemic control in older adults with diabetes 
involves navigating a careful balance between mitigating the 
long-term detrimental effects of chronic hyperglycemia on 
bone quality and preventing the acute risks associated with 
hypoglycemia, particularly fall-related fractures [1]. This 
necessitates individualized glycemic targets and thoughtful 
medication selection.

Guidelines consistently recommend tailoring HbA1c 
goals on the basis of the older adult’s overall health status, 
functional and cognitive capacity, presence of comorbidities, 
life expectancy, and risk of adverse events such as hypogly-
cemia [67]. For relatively healthy older adults with good 
functional status and few comorbidities, stricter targets (e.g., 
HbA1c < 7.0–7.5%) may be appropriate to reduce micro-
vascular complication risk. However, for individuals who 
are frail and have multiple complex comorbidities, cogni-
tive impairment, or limited life expectancy, more relaxed 
targets (e.g., HbA1c < 8.0–8.5%) are advised to prioritize 
safety and avoid the harms of intensive therapy [68]. Over-
treatment and the pursuit of overly stringent glycemic goals 
should be actively avoided in vulnerable older populations 
[69]. One study suggested that an HbA1c range of 6.5–6.9% 
was associated with the lowest fracture risk in older patients 
with diabetes, with risk increasing at both lower and higher 
levels [69].

Medication choice plays a critical role in achieving this 
balance. Agents with a low intrinsic risk of hypoglycemia 
are strongly preferred, particularly in patients with known 
risk factors for hypoglycemia (e.g., advanced age, renal 
impairment, erratic eating habits, cognitive impairment) 
[67]. This favors the use of metformin, dipeptidyl pepti-
dase-4 inhibitors (DPP-4i), glucagon-like peptide-1 receptor 
agonists (GLP-1 RAs), and sodium-glucose co-transporter-2 
inhibitors (SGLT-2i) over insulin and sulfonylureas [70]. 
Insulin secretagogues (sulfonylureas, meglitinides) should 
be used with significant caution, and long-acting sulfo-
nylureas such as glyburide are generally discouraged in 
older adults owing to the prolonged risk of hypoglycemia. 
[71]. Insulin therapy, while often necessary, requires care-
ful patient selection, education, and strategies to minimize 
hypoglycemia risk, such as using analogs over older formu-
lations and simplifying regimens where possible [71]. Con-
tinuous glucose monitoring (CGM) can be a valuable tool 
for detecting and preventing hypoglycemia, particularly in 
patients treated with insulin [22]. However, cost and related 
insurance regulations may be a barrier in this road.

Furthermore, medication selection should also consider 
potential cardiorenal benefits, with GLP-1 RAs and SGLT-2i 
recommended for patients with established or high risk of 
atherosclerotic cardiovascular disease, heart failure, or CKD, 
irrespective of baseline HbA1c [72].

However, weight loss effects that may possibly cause 
skeletal muscle loss and sarcopenia, predominantly paren-
teral route in most of the GLP-1 agonists or urinary inconti-
nence with SGLT-2i, which may increase fall risk, are bar-
riers to be considered along with their higher costs [73].

The potential impact of the chosen antidiabetic agent on 
bone health itself (Sect. 5) adds another layer to this complex 
decision-making process.

5 � Effects of Antidiabetic Medications 
on Skeletal Health

Beyond their primary glucose-lowering effects, antidiabetic 
medications can exert direct or indirect influences on bone 
metabolism and fracture risk. Understanding these skeletal 
effects is crucial when selecting therapy for older adults with 
diabetes, who are already at heightened risk for fractures. 
The available agents demonstrate a spectrum of effects, 
from clearly detrimental to neutral or potentially benefi-
cial, although evidence quality varies and is often derived 
from observational studies or post hoc analyses of trials 
not primarily designed to assess skeletal outcomes [74]. 
These effects must be weighed alongside glycemic efficacy, 
hypoglycemia risk, impact on comorbidities (cardiovascu-
lar, renal), side effect profile, cost, and patient preferences. 
Table 2 presents a summary overview.
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5.1 � Metformin

Metformin remains the cornerstone of T2D therapy [71]. 
Preclinical studies suggest potential beneficial bone 
effects through activation of AMP-activated protein kinase 
(AMPK), promoting osteoblast differentiation and inhibiting 
cellular senescence and inflammation [75].

Clinical evidence regarding its impact on BMD and bone 
turnover markers is mixed, with some studies showing neu-
tral effects or even potential inhibition of mineralization at 
high concentrations, while others, including Mendelian ran-
domization studies, suggest a positive impact on BMD at the 
lumbar spine, femoral neck, and heel [76]. Similarly, data 
on fracture risk are conflicting. While some observational 
studies and Mendelian randomization analyses point toward 
a reduced risk [76], several recent meta-analyses have failed 
to demonstrate a statistically significant association between 
metformin use and a lower risk of overall or hip fractures. 
Overall, metformin is generally considered to have a neutral 
to possibly mildly beneficial skeletal profile [77].

Its established efficacy, low cost, low hypoglycemia risk, 
and potential cardiovascular benefits support its continued 
use as first-line therapy, with appropriate monitoring for 
gastrointestinal side effects and vitamin B12 levels, and 
caution in significant renal impairment (not recommended 
when estimated glomerular filtration rate [eGFR] is < 30 
mL/min) [71, 78]. Other contraindications, i.e., cirrhosis and 
pulmonary disease with hypoxia, must also be considered. In 
addition, in older adults prone to malnutrition, it can cause 
weight loss and should not be prioritized [73, 79–82].

5.2 � Sulfonylureas (SUs) and Meglitinides

These insulin secretagogues primarily act by stimulating 
insulin release from pancreatic β cells. Direct effects on 
bone metabolism are largely unknown. The main concern 
regarding their use in older adults relates to their signifi-
cant risk of inducing hypoglycemia [71]. This hypoglyce-
mia risk is strongly implicated as the primary driver for the 
observed association between SU use and increased frac-
ture risk [83]. Meta-analyses consistently demonstrate that 
sulfonylurea (SU) users have a higher risk of hip fractures 
compared with nonusers, with a pooled hazard ratio (HR) 
of 1.175 [84]. Compared with other agents, SUs confer a 
higher fracture risk than metformin but a lower risk than 
insulin [83]. Owing to the high risk of hypoglycemia and 
consequent falls, SUs, especially long-acting agents such 
as glyburide, should be used with extreme caution in older 
adults, if at all [71, 73, 78].

5.3 � Thiazolidinediones (TZDs)

TZDs (pioglitazone, rosiglitazone) exert their glucose-low-
ering effects by activating peroxisome proliferator-activated 
receptor gamma (PPARγ). Unfortunately, PPARγ activation 
in mesenchymal stem cells shunts differentiation away from 
the osteoblast lineage toward adipogenesis, thereby impair-
ing bone formation [85]. This mechanism underlies the con-
sistent and robust evidence linking TZD use to accelerated 
bone loss and a significantly increased risk of fractures [77]. 
This detrimental effect has been observed in postmenopausal 
women [77]. Although TZDs carry a low risk of hypogly-
cemia, their negative skeletal impact, coupled with risks of 
fluid retention, heart failure, and potential macular edema, 
makes them a poor choice for most older adults, especially 
those with preexisting osteoporosis or high fracture risk [73, 
85]. While pioglitazone may confer certain cardiovascular 
benefits, these must be carefully weighed against its skel-
etal adverse effects, particularly the increased fracture risk 
in women. Therefore, treatment decisions should prioritize 
an individualized balance between cardiovascular and bone 
health outcomes [86].

5.4 � Dipeptidyl Peptidase‑4 Inhibitors (DPP‑4i)

DPP-4i (e.g., sitagliptin, saxagliptin, linagliptin, alogliptin) 
enhance endogenous levels of incretin hormones GLP-1 and 
GIP. Preclinical studies suggested potential bone benefits 
mediated by these incretins [87]. However, clinical evidence 
regarding fracture risk has been inconsistent. An early meta-
analysis suggested a possible protective effect [87]. A meta-
analysis of randomized controlled trials suggested a poten-
tial reduction in fracture risk with DPP-4 inhibitor treatment 
compared with placebo or other antidiabetic agent [85]. One 
network meta-analysis raised a potential signal for increased 
risk with trelagliptin, but this requires confirmation [88]. 
Overall, the class is currently considered bone-neutral [85]. 
DPP-4 inhibitors offer the advantage of a low hypoglycemia 
risk and good tolerability but generally lack the significant 
cardiovascular and renal benefits seen with GLP-1 RAs and 
SGLT-2i [71].

5.5 � GLP‑1 Receptor Agonists (GLP‑1 RAs)

GLP-1 RAs (e.g., liraglutide, semaglutide, dulaglutide, 
exenatide) mimic the action of endogenous GLP-1. GLP-1 
receptors have been identified on osteoblasts and osteocytes, 
and preclinical studies suggest potential mechanisms for 
bone benefit, including promoting osteoblast differentiation 
and inhibiting bone resorption [89]. Human data on fracture 
risk are mixed. In a network meta-analysis comparing the 
fracture risk probabilities of different GLP-1 receptor ago-
nists, exenatide was found to have the lowest risk (0.07‰), 
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followed by dulaglutide (1.04%), liraglutide (1.39%), albi-
glutide (5.61%), lixisenatide (8.07%), and semaglutide 
(18.72%). These findings suggest a potential difference in 
skeletal safety profiles among individual agents [90]. Impor-
tantly, it should be noted that studies conducted in patients 
with type 2 diabetes typically use antidiabetic doses of 
GLP-1 receptor agonists, whereas trials in individuals with 
obesity employ substantially higher doses for weight-loss 
indications, which may partly explain the heterogeneity in 
reported skeletal outcomes.

However, a recent randomized trial investigating sema-
glutide, one of the GLP-1 RAs in adults at increased fracture 
risk (though not exclusively diabetic) found no increase in 
bone formation markers (P1NP) but did observe an increase 
in the resorption marker CTX and modest decreases in hip 
and spine BMD over 52 weeks [91]. This was hypothesized 
to be related to the significant weight loss induced by sema-
glutide [91]. Currently, the class is generally viewed as 
having neutral to potentially favorable effects on fracture 
risk [85]. Key advantages include low hypoglycemia risk, 
significant weight loss potential, and proven cardiovascu-
lar benefits [71]. Potential downsides include gastrointes-
tinal side effects and the need for injection (except for oral 
semaglutide). The impact of substantial GLP-1 RA-induced 
weight loss on bone health warrants further investigation and 
monitoring [91].

5.6 � SGLT‑2 Inhibitors

SGLT-2i (e.g., empagliflozin, canagliflozin, dapagliflozin, 
ertugliflozin) lower glucose by promoting urinary glucose 
excretion. Initial concerns about potential adverse skeletal 
effects arose from the CANVAS trial, which reported an 
increased fracture risk with canagliflozin [92]. Proposed 
mechanisms included potential alterations in calcium and 
phosphate homeostasis (transient increases in serum phos-
phate, PTH, FGF23, and decreases in 1,25-dihydroxyvitamin 
D reported in some early studies, particularly with cana-
gliflozin) and effects related to volume depletion or weight 
loss [85]. However, subsequent large-scale cardiovascular 
outcome trials for other agents in the class (empagliflozin, 
dapagliflozin) did not replicate this finding [93]. Numerous 
meta-analyses pooling data from extensive randomized con-
trolled trial (RCT) programs, as well as large observational 
cohort studies comparing SGLT-2i initiation with DPP-4i 
or GLP-1 RAs initiation in real-world settings (including 
older adults and those with CKD), have consistently found 
no overall increased risk of fractures associated with the 
SGLT-2i class [77]. Most studies also show no clinically sig-
nificant long-term effects on BMD or bone turnover mark-
ers, although some transient changes or minor effects on 
certain markers (e.g., increased CTX) have been noted in 
specific studies or meta-analyses [94]. Therefore, the current 

consensus is that SGLT-2i as a class are generally bone-
neutral. Their significant benefits in reducing cardiovascu-
lar events, heart failure hospitalizations, and progression of 
CKD make them valuable therapeutic options, particularly 
in patients with these comorbidities [71]. Potential risks rel-
evant to older adults include genitourinary infections, and a 
potential for volume depletion leading to orthostatic hypo-
tension and falls, which requires careful monitoring [73, 
94]. Moreover, in older patients—particularly in the setting 
of dehydration or acute infection—SGLT-2 inhibitors may 
increase the risk of metabolic acidosis, most notably eug-
lycemic diabetic ketoacidosis, underscoring the importance 
of careful patient selection and temporary drug interruption 
during acute illness.

5.7 � Insulin

While endogenous insulin plays an anabolic role in bone 
physiology [4], the clinical use of exogenous insulin ther-
apy is paradoxically associated with an increased risk of 
fractures in numerous observational studies and meta-
analyses [1]. Pooled risk ratios suggest an approximate 
20–40% increase in fracture risk compared with oral anti-
diabetic drug users [95]. This association is complex and 
likely driven primarily by confounding factors rather than a 
direct adverse effect of insulin on bone. Insulin use typically 
signifies longer diabetes duration, greater disease severity, 
poorer glycemic control, and a higher burden of diabetic 
complications—all independent risk factors for fracture. 
Critically, insulin therapy carries the highest risk of severe 
hypoglycemia among all antidiabetic treatments, substan-
tially increasing the risk of falls [96]. Some longitudinal data 
also suggest that insulin initiation may be associated with 
accelerated BMD loss at the femoral neck [97]. While essen-
tial for survival in T1D and often necessary for achieving 
glycemic control in advanced T2D, insulin therapy requires 
careful management in older adults, focusing on individual-
ized goals, patient education on hypoglycemia prevention 
and management, and potentially simplifying regimens to 
minimize risk [71, 73, 78].

6 � Osteoporosis Pharmacotherapy in Older 
Adults with Diabetes

While specific guidelines for treating osteoporosis in patients 
with diabetes are lacking [22], the overarching goal remains 
fracture prevention. Treatment decisions should be guided 
by general osteoporosis management principles, including 
risk stratification, while considering the unique aspects of 
diabetes [22]. Evidence regarding the efficacy and safety 
of specific anti-osteoporosis medications in populations 
with diabetes is often derived from subgroup analyses of 
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pivotal trials, post hoc analyses, or observational studies, 
rather than dedicated prospective RCTs [22]. Importantly, 
although several post hoc analyses included substantial 
numbers of older participants, most pivotal trials were not 
specifically designed to investigate cohorts of older adults 
with diabetes, and age-stratified analyses in this subgroup 
remain limited. Nevertheless, available data suggest that cur-
rent therapies are generally effective in diabetic individuals, 
although nuances related to the underlying pathophysiol-
ogy and potential drug interactions warrant consideration. 
Table 3 summarizes the evidence for major osteoporosis 
drug classes.

6.1 � Antiresorptive Therapies

Antiresorptive agents, which reduce bone breakdown by 
inhibiting osteoclast activity, are the most commonly used 
treatments for osteoporosis.

Bisphosphonates: This class includes oral agents (alen-
dronate, risedronate, ibandronate) and an intravenous agent 
(zoledronic acid). Post hoc analyses of pivotal fracture trials 
(e.g., FIT with alendronate, HORIZON-PFT with zoledronic 
acid) and observational studies have suggested that bisphos-
phonates provide similar improvements in BMD and reduc-
tions in nonvertebral fracture risk in older women with T2D 
as they do in women without diabetes [22]. A meta-analysis 
focusing on diabetic osteoporosis confirmed significant 
improvements in BMD at various sites with bisphosphonate 
treatment [98], and one study showed similar efficacy for 
monthly oral ibandronate in postmenopausal women with 
and without T2D [99]. Bisphosphonates are generally con-
sidered effective and safe in older adults [100]. However, 
their use requires careful consideration of renal function, 
as they are renally excreted and typically contraindicated 
or require dose adjustment in moderate-to-severe CKD—a 
common comorbidity in diabetes [100]. Gastrointestinal 
intolerance can be an issue with oral formulations. While 
concerns exist about potentially exacerbating the underly-
ing low bone turnover state in T2D, studies have not shown 
an associated increase in fracture risk, particularly if glyce-
mic control is reasonable [22]. The risks of rare long-term 
adverse events, osteonecrosis of the jaw (ONJ), and atypical 
femoral fractures (AFF), necessitate consideration of drug 
holidays after several years of use in appropriate patients 
[100].

Denosumab: This monoclonal antibody against RANKL 
is a potent antiresorptive administered via subcutaneous 
injection every 6 months. A post hoc analysis of the FREE-
DOM trial and its extension found that denosumab increased 
BMD and reduced vertebral fractures in women with T2D, 
although one analysis suggested a possible increase in non-
vertebral fracture risk in this subgroup [22]. Other analyses 
and real-world data generally support its efficacy in patients 

with diabetes [101]. Intriguingly, some recent large cohort 
studies and meta-analyses suggest denosumab use may be 
associated with a lower risk of developing incident T2D 
compared with bisphosphonates, and potentially improve 
glycemic parameters, especially in those with impaired glu-
cose tolerance [102, 103]. Denosumab offers sustained BMD 
gains over at least 10 years [101]. Key safety considera-
tions include the risk of hypocalcemia (requiring adequate 
calcium and vitamin D status and monitoring, especially 
in CKD), and rare risks of ONJ and AFF [101]. A criti-
cal aspect of denosumab therapy is the rapid reversal of its 
effects and potential for rebound increase in bone turnover 
and multiple vertebral fractures upon discontinuation; there-
fore, transitioning to another antiresorptive (typically a bis-
phosphonate) is essential if denosumab is stopped [101]. It 
can generally be used in patients with impaired renal func-
tion, albeit with increased vigilance for hypocalcemia [101].

6.2 � Anabolic Therapies

Anabolic agents stimulate new bone formation by activating 
osteoblasts, offering a different therapeutic approach, par-
ticularly relevant for conditions characterized by low bone 
turnover.

Teriparatide: A recombinant form of human parathyroid 
hormone (PTH 1-34), administered via daily subcutaneous 
injection. Post hoc analyses of the DANCE observational 
study and other data suggest that teriparatide produces simi-
lar increases in BMD and reductions in clinical fracture rates 
in patients with T2D compared with those without diabetes 
[22]. Given the low bone turnover state often seen in T2D, 
teriparatide theoretically offers an advantage by directly 
stimulating bone formation [22]. It is generally well toler-
ated, with potential side effects including transient hyper-
calcemia [104]. Treatment duration is typically limited to 
18–24 months, after which therapy should be followed by 
an antiresorptive agent to maintain bone gains.

Abaloparatide: A synthetic analog of PTH-related protein 
(PTHrP), also administered via daily subcutaneous injec-
tion. A post hoc analysis of the ACTIVE trial demonstrated 
significant improvements in BMD at the hip, femoral neck, 
and spine, as well as fewer nonvertebral fractures compared 
with placebo, in postmenopausal women with T2D [22]. 
Some evidence, including comparative trials and retrospec-
tive claims data, suggests abaloparatide may produce greater 
BMD gains at hip sites and potentially lower rates of hip and 
nonvertebral fractures compared with teriparatid [105, 106]. 
Safety considerations include potential transient hypercalce-
mia, injection site reactions, and orthostatic hypotension or 
palpitations shortly after injection [107]. Similar to teripara-
tide, treatment duration is limited, and follow-on antiresorp-
tive therapy is required.



	 G. Bahat et al.

Ta
bl

e 
3  

E
vi

de
nc

e 
su

m
m

ar
y 

fo
r o

ste
op

or
os

is
 m

ed
ic

at
io

ns
 in

 o
ld

er
 a

du
lts

 w
ith

 d
ia

be
te

s

Ab
 a

nt
ib

od
y,

 A
FF

 a
ty

pi
ca

l f
em

or
al

 f
ra

ct
ur

e,
 B

M
D

 b
on

e 
m

in
er

al
 d

en
si

ty
, C

a 
ca

lc
iu

m
, C

K
D

 c
hr

on
ic

 k
id

ne
y 

di
se

as
e,

 F
x 

fr
ac

tu
re

, G
I 

ga
str

oi
nt

es
tin

al
, I

V 
in

tra
ve

no
us

, M
I 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n,
 

N
VF

 n
on

ve
rte

br
al

 fr
ac

tu
re

, o
bs

 o
bs

er
va

tio
na

l s
tu

di
es

, O
N

J 
os

te
on

ec
ro

si
s 

of
 th

e 
ja

w
, P

TH
 p

ar
at

hy
ro

id
 h

or
m

on
e,

 P
TH

rP
 P

TH
-r

el
at

ed
 p

ep
tid

e,
 P

TH
1R

 p
ar

at
hy

ro
id

 h
or

m
on

e-
1 

re
ce

pt
or

, T
2D

 ty
pe

 
2 

di
ab

et
es

, V
itD

 v
ita

m
in

 D

M
ed

ic
at

io
n 

cl
as

s
M

ec
ha

ni
sm

 o
f a

ct
io

n
Ev

id
en

ce
 fo

r e
ffi

ca
cy

 in
 d

ia
be

te
s (

B
M

D
, f

ra
ct

ur
es

)
K

ey
 sa

fe
ty

 c
on

si
de

ra
tio

ns
 in

 d
ia

be
te

s/
ol

de
r a

du
lts

B
is

ph
os

ph
on

at
es

 (o
ra

l/I
V

)
In

hi
bi

t o
ste

oc
la

st 
ac

tiv
ity

/re
so

rp
tio

n
Si

m
ila

r B
M

D
 ↑

 a
nd

 fr
ac

tu
re

 ↓
 v

er
su

s n
on

di
ab

et
ic

s (
po

st 
ho

c/
ob

s.)
 [2

1]
; m

et
a-

an
al

ys
is

 sh
ow

s B
M

D
 ↑

 [8
2]

Re
na

l d
os

in
g 

cr
uc

ia
l; 

G
I i

ss
ue

s (
or

al
); 

O
N

J/A
FF

 ri
sk

 
(lo

ng
-te

rm
); 

lo
w

 tu
rn

ov
er

 c
on

ce
rn

 (t
he

or
et

ic
al

) [
21

]
D

en
os

um
ab

R
A

N
K

L 
in

hi
bi

to
r; 

in
hi

bi
ts

 o
ste

oc
la

st 
fo

rm
at

io
n/

fu
nc

tio
n/

su
rv

iv
al

Si
m

ila
r B

M
D

 ↑
 a

nd
 V

er
t F

x 
↓ 

ve
rs

us
 n

on
di

ab
et

ic
s (

po
st 

ho
c)

 [2
1]

; N
V

F 
da

ta
 m

ix
ed

 (↑
 ri

sk
 in

 o
ne

 a
na

ly
si

s)
 

[2
1]

; p
ot

en
tia

l ↓
 in

ci
de

nt
 T

2D
 ri

sk
 [8

6]
; m

ay
 im

pr
ov

e 
gl

uc
os

e 
pa

ra
m

et
er

s [
87

]

H
yp

oc
al

ce
m

ia
 ri

sk
 (m

on
ito

r C
a/

V
itD

); 
O

N
J/A

FF
 ri

sk
; 

re
bo

un
d 

lo
ss

/fr
ac

tu
re

s o
n 

ce
ss

at
io

n 
(n

ee
ds

 tr
an

si
tio

n)
; 

us
ab

le
 in

 C
K

D
 (m

on
ito

r)
 [8

5]

Te
rip

ar
at

id
e 

(P
TH

 1
-3

4)
A

na
bo

lic
; s

tim
ul

at
es

 o
ste

ob
la

st 
fu

nc
-

tio
n/

bo
ne

 fo
rm

at
io

n
Si

m
ila

r B
M

D
 ↑

 a
nd

 fr
ac

tu
re

 ↓
 v

er
su

s n
on

di
ab

et
ic

s (
po

st 
ho

c/
ob

s.)
 [2

1]
; t

he
or

et
ic

al
 b

en
efi

t i
n 

lo
w

 tu
rn

ov
er

 T
2D

 
[2

1]

Tr
an

si
en

t h
yp

er
ca

lc
em

ia
; d

ai
ly

 in
je

ct
io

n;
 li

m
ite

d 
to

 2
 

ye
ar

s o
f u

se
; f

ol
lo

w
 w

ith
 a

nt
ire

so
rp

tiv
e

A
ba

lo
pa

ra
tid

e 
(P

TH
rP

 a
na

lo
g)

A
na

bo
lic

; s
el

ec
tiv

e 
PT

H
1R

 a
ct

iv
at

io
n

Si
gn

ifi
ca

nt
 B

M
D

 ↑
 a

nd
 ↓

 N
V

F 
ve

rs
us

 p
la

ce
bo

 in
 T

2D
 

su
bg

ro
up

 (p
os

t h
oc

 A
C

TI
V

E)
 [2

1]
; m

ay
 ↑

 B
M

D
 >

 
te

rip
ar

at
id

e 
at

 h
ip

 [8
9]

; ↓
 h

ip
/N

V
F 

ve
rs

us
 te

rip
ar

at
id

e 
(c

la
im

s d
at

a)
 [9

0]

Tr
an

si
en

t h
yp

er
ca

lc
em

ia
; i

nj
ec

tio
n 

re
ac

tio
ns

; p
al

pi
ta

tio
ns

; 
lim

ite
d 

to
 2

 y
ea

rs
 o

f u
se

 (t
ria

ls
 o

f f
ra

ct
ur

e 
effi

ca
cy

 la
ste

d 
on

ly
 1

8–
21

 m
on

th
s)

; f
ol

lo
w

 w
ith

 a
nt

ire
so

rp
tiv

e 
[9

1]

Ro
m

os
oz

um
ab

 (a
nt

i-s
cl

er
os

tin
 A

b)
D

ua
l a

ct
io

n:
 ↑

 fo
rm

at
io

n,
 ↓

 re
so

rp
tio

n
Po

te
nt

 B
M

D
 ↑

 a
nd

 fr
ac

tu
re

 ↓
 v

er
su

s p
la

ce
bo

/a
le

nd
ro

na
te

 
(g

en
er

al
 p

op
ul

at
io

n)
 [9

6]
; l

im
ite

d 
da

ta
 in

 d
ia

be
te

s 
[9

3]
; p

re
cl

in
ic

al
 T

2D
 d

at
a 

pr
om

is
in

g 
[2

1]

C
V

 sa
fe

ty
 si

gn
al

 (↑
 M

I/s
tro

ke
 ri

sk
 v

er
su

s a
le

nd
ro

na
te

 in
 

A
RC

H
 tr

ia
l);

 c
on

tra
in

di
ca

te
d 

po
st-

M
I/s

tro
ke

; h
yp

oc
al

-
ce

m
ia

 ri
sk

; O
N

J/A
FF

 ri
sk

; l
im

ite
d 

to
 1

2 
m

on
th

s o
f u

se
; 

fo
llo

w
 w

ith
 a

nt
ire

so
rp

tiv
e 

[9
6]



Managing Bone Fragility in Older Adults with Diabetes

6.3 � Dual‑Acting Therapy

Romosozumab: A monoclonal antibody that inhibits scle-
rostin, resulting in a dual effect of rapidly increasing bone 
formation while simultaneously decreasing bone resorption 
[108]. It produces substantial and rapid increases in BMD 
and significant reductions in vertebral, nonvertebral, and 
hip fractures compared with placebo and alendronate in the 
general postmenopausal population [108]. Data specifically 
evaluating its efficacy in patients with diabetes are currently 
limited [109], although preclinical studies in diabetic animal 
models are encouraging [22]. A major consideration with 
romosozumab is a potential cardiovascular safety signal. 
An imbalance in serious adjudicated cardiovascular events 
(myocardial infarction, stroke) was observed in the ARCH 
trial comparing romosozumab to alendronate, leading to a 
boxed warning and contraindication in patients with a his-
tory of myocardial infarction (MI) or stroke within the pre-
ceding year [108]. Some authors also consider the presence 
of a high cardiovascular event risk as a contraindication for 
romosozumab. As such, while meta-analyses have yielded 
mixed results regarding the overall cardiovascular (CV) risk, 
caution is warranted, particularly in patients with high cardi-
ovascular risk [110]. Other potential adverse effects include 
hypocalcemia, injection site reactions, and rare risks of ONJ 
and AFF [111]. Romosozumab is administered as monthly 
subcutaneous injections for a maximum of 12 months, after 
which treatment must be transitioned to an antiresorptive 
agent to consolidate gains [112].

6.4 � Treatment Selection Considerations in Diabetes

Selecting the optimal osteoporosis therapy for an older 
adult with diabetes requires integrating general principles 
of goal-directed treatment with diabetes-specific considera-
tions. Risk stratification based on fracture history (especially 
recent or severe fractures), BMD levels, and clinical risk 
factors, including those related to diabetes, is crucial [113].

For patients deemed to be at very high risk (e.g., recent 
major osteoporotic fracture, multiple fractures, very low 
T-scores), guidelines increasingly recommend initiating 
therapy with an anabolic agent (teriparatide or abalopara-
tide) or, if cardiovascular risk allows, romosozumab, to 
achieve rapid and substantial fracture risk reduction [113]. 
This approach aligns theoretically with the low bone turno-
ver pathophysiology often present in T2D, where stimulating 
formation may be particularly beneficial [22]. However, this 
theoretical rationale needs confirmation through direct com-
parative studies in populations with diabetes. For patients 
at high, but not very high, risk, potent antiresorptives such 
as bisphosphonates (especially intravenous [IV] zoledronic 

acid) or denosumab remain appropriate and effective first-
line choices.

Comorbidities common in older patients with diabetes 
heavily influence treatment choice. Renal function must be 
assessed before initiating bisphosphonates, potentially favor-
ing denosumab or anabolic agents in patients with significant 
CKD. A recent study by our group also revealed predilec-
tion of denosumab and then anabolics in patients with CKD 
[114].

Cardiovascular history is a key determinant when consid-
ering romosozumab. Patient preferences regarding adminis-
tration route (oral, subcutaneous, intravenous) and frequency 
also play a role. Regardless of the initial agent chosen, the 
importance of sequential therapy—following anabolic or 
romosozumab treatment with an antiresorptive—must be 
emphasized to maintain the accrued benefits. While await-
ing more definitive diabetes-specific data, clinicians should 
leverage current goal-directed osteoporosis treatment para-
digms, potentially prioritizing anabolic therapies earlier for 
very high-risk patients with T2D, while always performing 
a thorough individual risk–benefit assessment.

7 � Emerging Therapies and Future Directions

The management of bone fragility in diabetes is an evolv-
ing field, with ongoing research aimed at elucidating patho-
physiology, improving diagnostics, and developing more 
targeted therapies.

Several novel therapeutic targets are emerging on the 
basis of our understanding of the underlying mechanisms. 
Strategies aimed at inhibiting the formation or accumulation 
of AGEs or blocking the RAGE signaling pathway could 
potentially mitigate AGE-induced bone damage [20]. Modu-
lating key signaling pathways involved in bone remodeling, 
such as the Wnt/β-catenin pathway (potentially influenced 
by GLP-1 RAs or sclerostin inhibitors) or the mammalian 
target of rapamycin (mTOR) pathway, represents another 
avenue [115]. Inhibitors of glycogen synthase kinase 3 beta 
(GSK3β) and therapies based on exosomes (extracellular 
vesicles involved in cell-to-cell communication) are also 
under investigation [116]. Furthermore, addressing chronic 
inflammation and oxidative stress, perhaps through targeted 
anti-inflammatory or antioxidant therapies, may hold prom-
ise [116]. Inhibition of myostatin, a negative regulator of 
muscle growth, has shown benefits for both muscle and bone 
in preclinical diabetic models, suggesting another potential 
therapeutic approach [117].

Improvements in diagnostic tools are urgently needed 
to better assess bone quality noninvasively and refine risk 
prediction beyond BMD, standard FRAX, and in some 
aspects, FRAXplus. Advanced imaging techniques such as 
HR-pQCT offer insights into microarchitecture and material 
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properties but require further validation and wider acces-
sibility [9]. The identification and validation of reliable bio-
markers are crucial. This could include specific AGEs meas-
ured in serum or urine, bone turnover markers adjusted for 
the altered turnover state in diabetes, and circulating levels 
of regulators such as sclerostin [9].

Significant research gaps remain. There is a critical need 
for prospective, randomized controlled trials specifically 
designed to evaluate the efficacy and long-term safety of 
existing and emerging osteoporosis therapies within diverse 
populations of patients with T1D and T2D. Head-to-head 
comparisons between different drug classes within the dia-
betic context are also lacking. Further longitudinal stud-
ies are required to clarify the long-term skeletal impact of 
newer antidiabetic medications, particularly GLP-1 RAs 
and SGLT-2i, considering factors such as weight change. A 
deeper understanding of the complex interplay between dia-
betes, obesity, sarcopenia, frailty, and bone health is needed 
to develop integrated management strategies. Finally, the 
development and validation of accurate, easy-to-use, dia-
betes-specific fracture risk prediction tools are essential 
for routine clinical practice [118]. Addressing these gaps 
through dedicated research within cohorts with diabetes 
is paramount to move beyond extrapolation from general 
population data and establish truly evidence-based, tailored 
management paradigms for diabetic bone disease.

In this context, future research and therapeutic strate-
gies must specifically address the needs of older adults with 
diabetes, who represent the highest-risk group for fractures 
and adverse outcomes. In this population, bone fragility 
frequently coexists with frailty, sarcopenia, multimorbid-
ity, cognitive impairment, and an increased risk of falls, 
necessitating an integrated geriatric approach rather than 
a single-disease model. Emerging therapies should there-
fore be evaluated not only for their skeletal efficacy but also 
for their impact on muscle function, physical performance, 
fall risk, cardiovascular safety, and treatment burden in frail 
older patients with diabetes. Dedicated trials focusing on 
older adults living with frailty and diabetes are essential to 
develop truly individualized and clinically meaningful man-
agement strategies.

8 � Conclusions

Bone fragility represents a significant and often underap-
preciated complication of both T1D and T2D in older adults, 
contributing substantially to fracture risk, morbidity, and 
mortality. The underlying pathophysiology is complex and 
differs between diabetes types, with T1D primarily charac-
terized by reduced bone mass and T2D by impaired bone 
quality despite often normal or high BMD. This distinction, 
particularly the “diabetic paradox” in T2D, poses significant 

challenges for accurate risk assessment using standard tools 
such as DXA, FRAX, and even FRAXplus, which frequently 
underestimate the true fracture probability.

Effective management demands a holistic, individu-
alized approach that integrates geriatric principles. Key 
components include comprehensive risk assessment incor-
porating diabetes-specific factors (duration, glycemic 
control, complications) and fall risk evaluation, alongside 
potential adjustments to standard prediction tools. Life-
style interventions focusing on adequate nutrition (cal-
cium, vitamin D, protein), appropriate weight-bearing and 
resistance exercise, and rigorous fall prevention strategies 
are fundamental. Glycemic management must balance the 
long-term goal of minimizing hyperglycemia-related bone 
damage with the immediate need to prevent hypoglyce-
mia-induced falls, necessitating personalized HbA1c tar-
gets and preferential use of antidiabetic agents with low 
hypoglycemia risk. The choice of antidiabetic medication 
should also consider direct skeletal effects, avoiding agents 
known to be detrimental (TZDs) and favoring those with 
neutral or potentially beneficial profiles (metformin, DPP-
4i, GLP-1 RAs, SGLT-2i), while also weighing cardiovas-
cular and renal benefits with holistic evaluation of each 
patient on a case by case basis.

When osteoporosis pharmacotherapy is indicated, 
current evidence, though limited primarily to post hoc 
analyses and observational studies, suggests that stand-
ard treatments (bisphosphonates, denosumab, anabolic 
agents) are effective in patients with diabetes. However, 
treatment decisions should apply goal-directed principles, 
potentially favoring anabolic agents earlier in very high-
risk patients with T2D, owing to the underlying low bone 
turnover state, while carefully considering comorbidities 
such as renal impairment and cardiovascular risk.

Significant research is needed to fill existing knowledge 
gaps, particularly through prospective trials of osteopo-
rosis therapies specifically in populations with diabetes, 
development of better diagnostic tools for bone quality, 
and validation of diabetes-specific risk prediction models. 
Until then, clinicians must maintain a high index of suspi-
cion for bone fragility in their older patients with diabetes, 
employ a comprehensive assessment strategy, and imple-
ment personalized, multifactorial interventions to mitigate 
fracture risk and improve patient outcomes.
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