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Abstract

Purpose of the Review The purpose of the review is to summarise the current scientific evidence on the efficacy of osteo-

porosis medications in patients with type 2 diabetes.

Recent Findings Type 2 diabetes (T2D) is a growing global epidemic. The highest prevalence is observed in the elderly, the 

same population affected by osteoporosis. Despite normal or even increased bone mineral density and low bone turnover, 

T2D is associated with an increased risk of fractures in most skeletal sites. These findings raised concerns over the efficacy 

of anti-osteoporosis drugs in this population. There is no randomised controlled trial designed specifically for people with 

T2D. However, observational studies and post-hoc analyses of randomised controlled trials have provided valuable insights 

into the effects of various anti-osteoporosis treatments in this population. Overall, most anti-osteoporosis drugs seem to have 

similar efficacy and safety profiles for people with and without type 2 diabetes. However, continued research and long-term 

safety data are needed to optimise treatment strategies and improve bone health outcomes in this population.

Summary The current evidence suggests that most anti-osteoporosis drugs exhibit comparable efficacy in people with and 

without T2D.

Keywords Type 2 diabetes · Osteoporosis · Fractures · Anti-osteoporosis treatment

Introduction

Type 2 diabetes (T2D) has reached epidemic proportions 

worldwide, with an alarming increase in its prevalence over 

the past few decades. According to the International Diabe-

tes Federation, an estimated 463 million adults were living 

with diabetes worldwide in 2019, and this number is pro-

jected to rise to 700 million by 2045 [1]. Population-specific 

incidence rates vary depending on demographic, genetic, 

and lifestyle factors. Age is a significant risk factor. Despite 

the rising prevalence of T2D among younger individuals, 

often attributed to sedentary lifestyles and poor dietary hab-

its, older adults still show a higher prevalence [1]. This is the 

same population most affected by osteoporosis.

Osteoporosis is characterised by low bone mass and dete-

riorating bone microarchitecture. Both modifiable and non-

modifiable risk factors contribute to the development of the 

disease. Non-modifiable risk factors include age, gender, and 

family history of fractures or osteoporosis. Female gender 

plays a critical role due to the rapid decline in oestrogen 

levels after menopause, which leads to accelerated bone 

loss. Modifiable risk factors include inadequate calcium and 

vitamin D intake, a sedentary lifestyle, smoking, excessive 

alcohol consumption, and long-term use of certain medica-

tions, such as glucocorticoids and aromatase inhibitors [2].

The incidence of osteoporotic fractures increases with 

age, making osteoporosis a significant contributor to the 

global burden of musculoskeletal diseases. Osteoporosis-

related fractures, particularly hip fractures, have significant 

consequences for individuals and healthcare systems, lead-

ing to impairments in mobility, increased healthcare costs, 

and decreased quality of life. Hip fractures are particularly 

associated with significant morbidity and mortality rates, 

impairing mobility and independence among affected 

individuals. The resulting hospitalisations and long-term 

care requirements impose substantial economic burdens 

on healthcare systems. Moreover, the fear of falling and 
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decreased quality of life are common psychosocial impacts 

experienced by individuals living with osteoporosis [2]. As 

the global population ages, the burden of osteoporosis and 

its associated fractures is expected to rise substantially.

In this narrative review, we summarise the current scien-

tific evidence on the efficacy of osteoporosis medications in 

patients with T2D. We searched PubMed using a combina-

tion of terms, including ‘osteoporosis treatment’, the drugs’ 

classes and names, and ‘diabetes’. We also searched for key 

papers in the field and their references. Following an initial 

screening based on titles and abstracts, relevant articles were 

thoroughly examined in full text. We included articles writ-

ten in English and pertinent to the scope of our review.

Bone Fragility in T2D

T2D is linked to an increased risk of fractures. Overall, 

those with T2D had a higher risk of hip [3–5], upper arm 

[4], ankle [4, 6], and non-vertebral fractures [3] than peo-

ple without diabetes. This increase in the risk of fractures 

is observed despite the high body mass index (BMI) often 

observed in T2D. A high BMI is usually associated with a 

lower risk of hip fractures [7]. This paradoxical finding high-

lights the unique scenario observed in T2D. The increase 

in risk of fractures varies from 15 to 54%, namely 15% for 

ankle fractures, 19% for non-vertebral fractures, 22% for 

any fracture, 33% for hip fractures, and 54% for upper arm 

fractures. Younger people, those using insulin, and those 

with diabetes for a longer period had a higher risk of frac-

tures in T2D [3]. A recent study has investigated the trends 

in vertebral, hip, humerus, forearm, foot, or ankle fracture 

rates among patients with and without T2D for 21 years, up 

to 2017, in Denmark. The study found fracture rates were 

higher in patients with T2D than those without diabetes, 

except for foot fractures. However, fracture rates decreased 

over time for both groups at all sites except for vertebral 

fractures, which increased in people with and without T2D 

[8]. This increase in vertebral fractures is probably associ-

ated with greater detection of these fractures since most of 

them are often not diagnosed. Interestingly, when adjusted 

for age, differences in hip fracture rates between patients 

with and without T2D were not observed after 2004, and 

similar findings were reported for humerus fractures after 

2010 [8]. These findings suggest that more recent advances 

in managing T2D may impact the fracture risk in this popu-

lation, but the mechanism is unknown.

The increase in the risk of fractures in T2D is independ-

ent of the presence of low mineral density detected by DXA. 

A meta-analysis has reported an increase in the risk of hip 

fracture and a paradoxical increase in bone mineral density in 

T2D [5]. A recent study has shown higher areal mineral bone 

density and favourable microarchitecture in individuals with 

T2D compared to controls [9]. These findings raise concerns 

regarding using BMD as a predictor of fractures in T2D. Lon-

gitudinal studies have shown that BMD predicts fractures in 

T2D; however, the risk of fractures for the same bone mineral 

density is higher in men and women with T2D compared to 

people without T2D [10]. Similarly, fracture risk prediction 

tools such as FRAX underestimate the risk of fractures in peo-

ple with T2D [10].

Diagnosis and Management of Osteoporosis 
in T2D

The diagnosis of osteoporosis in T2D follows the criteria 

applied to the general population based on low BMD and 

the occurrence of fragility fractures [2]. Due to the par-

ticularities of bone fragility in T2D, diagnosing and man-

aging osteoporosis in this population is challenging. The 

Bone and Diabetes Working Group from the International 

Osteoporosis Foundation (IOF) has proposed an algorithm 

for the management of these patients (Fig. 1) [11]. Because, 

for a given fracture risk, people with T2D have a BMD 

0.5 T-score higher than people without T2D [10], treatment 

is recommended for people with T2D with a T-score equal to 

or lower than 2.0. The common risk factors for osteoporosis, 

such as old age, female sex, low body mass index, previous 

fracture, family history of hip fracture, current smoking, 

rheumatoid arthritis, the use of glucocorticoids, recurrent 

falls, and low BMD, are also important in the population 

with T2D. However, diabetes-specific risk factors such as 

longer disease duration (greater than 5 years), use of cer-

tain medications such as insulin and thiazolidinediones, 

poor metabolic control (HbA1c > 7%; 53 mmol/mol), and 

the presence of microvascular complications (neuropathy, 

retinopathy, or nephropathy) should also be assessed [11]. 

Noteworthy, T2D might compromise vision, proprioception, 

and balance, leading to an increased risk of falls.

Efficacy of Anti‑Osteoporosis Medication 
in T2D

Observational studies and post-hoc analyses of previous 

randomised controlled trials (RCT) provide the current evi-

dence on the efficacy of anti-osteoporosis drugs in patients 

with T2D since there are no randomised controlled trials 

(RCT) in this population.

Anti‑Resorptive Drugs

Bisphosphonates

Bisphosphonates (BP) are synthetic analogues of pyroph-

osphate. They selectively bind to bone mineral, particularly 

hydroxyapatite crystals, and are taken up by osteoclasts, 
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suppressing bone resorption. This reduces the bone turno-

ver rate and shifts the balance between bone formation and 

resorption, increasing BMD and skeleton strength. There are 

several types of BP, including nitrogen-containing BP, such 

as alendronate, risedronate, zoledronate, and ibandronate, 

and non-nitrogen-containing BP, such as etidronate. Alen-

dronate and risedronate are oral medications prescribed 

weekly for osteoporosis treatment, while zoledronate is 

a potent intravenous BP prescribed yearly. Ibandronate is 

available in oral (monthly) and intravenous (every 3 months) 

formulations. Etidronate, a non-nitrogen-containing bispho-

sphonate, is less potent and is currently less used. BPs are 

widely used in the treatment of osteoporosis, as they reduce 

the risk of fractures [12].

The safety profile of BPs has been the subject of consider-

able research and clinical scrutiny. The most common side 

effect of oral BP is gastric discomfort, usually prevented by 

recommendations such as maintaining an upright position 

after oral administration. An acute-phase reaction is com-

mon after intravenous zoledronate. This is a systemic inflam-

matory response triggered by the release of pro-inflamma-

tory cytokines, leading to fever, flu-like symptoms, myalgia, 

arthralgia, and mild leucocytosis. The activation of innate 

immune cells primarily drives the reaction, and manage-

ment involves treatment with analgesics, antipyretics, and 

hydration [13].

One notable safety concern associated with BP therapy is 

the occurrence of atypical femur fractures. These fractures 

are uncommon but have been reported in some individuals, 

particularly those on long-term BP treatment. The fractures 

display unique patterns, different from typical osteoporotic 

fractures, and may occur with minimal or no trauma. How-

ever, it is essential to note that the absolute risk of atypi-

cal femur fractures remains low compared to the signifi-

cant benefits of BPs in reducing overall fracture risk [14]. 

Another infrequent but serious side effect linked to BP use 

is osteonecrosis of the jaw (ONJ). ONJ is characterised by 

the exposure of jawbone tissue, leading to pain, infection, 

and delayed healing after dental procedures or trauma. The 

risk of ONJ is higher in patients receiving high-dose intra-

venous BP for cancer treatment, and it remains relatively 

rare in those receiving BP for osteoporosis. T2D has been 

associated with low bone turnover, which raised concerns 

about the adverse effects of anti-resorptive drugs in this 

Fig. 1  Fracture risk evaluation in patients with diabetes. *In dia-

betes, fracture risk at T-score <  − 2 equivalent for non-diabetes 

at T-score <  − 2.5 (see text). **Depending on country-specific 

guidelines for therapies. ***For example, with TBS and/or ‘RA’ – 

yes. + Diabetes-specific CRFs are listed in the text. Reproduced with 

permission from Ferrari et al. [11]
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population. However, evidence shows that these adverse 

events are not more common in people with T2D [15, 16].

BPs are effective in the treatment of osteoporosis in 

patients with T2D. Data from a nationwide cohort in Den-

mark compared people who had been given BP to peo-

ple of the same age and gender in the general population. 

They found that the effectiveness of the anti-fracture treat-

ment was the same for people with and without T2D. This 

study included people using alendronate, risedronate, and 

etidronate [17]. Post-hoc analysis from the Fracture Inter-

vention Trial (FIT) showed that alendronate treatment 

increased BMD at all sites studied in women with T2D. 

Alendronate was well tolerated and considered an effec-

tive treatment for osteoporosis in women with T2D [18]. 

A post-hoc analysis of three Japanese trials with both men 

and women showed that T2D did not affect the response to 

risedronate treatment regarding BMD, bone turnover mark-

ers, or safety [19].

The most robust evidence for the efficacy of anti-resorp-

tive therapies comes from a pooled analysis of individual 

participant data of RCT of these medications. The data was 

gathered for the Foundation for National Institutes of Health-

American Society for Bone and Mineral Research-Study to 

Advance Bone Mineral Density as a Regulatory Endpoint, 

the SABRE cohort [20]. This is a unique dataset of individ-

ual patient data from randomised, placebo-controlled trials 

of osteoporosis therapies. The nine BP trials were grouped 

in a subgroup analysis. The authors used Cox regression to 

calculate the treatment-related hazard ratio (HR) for incident 

non-vertebral, hip, and all fractures and logistic regression 

to calculate the treatment-related odds ratio (OR) for inci-

dent radiographic vertebral fractures, separately for T2D 

and no diabetes. Using linear regression, the effect of treat-

ment on the 2-year change in BMD by diabetes status was 

estimated. They evaluated the interaction between treatment 

and diabetes status in every study. No interaction between 

the treatment effect and diabetes status was observed in any 

of the nine trials of BP nor in the pooled analysis for these 

drugs (Table 1). The effect of BP on BMD and bone turnover 

markers was similar in the population with and without T2D 

[20]. This data shows that BP effectively reduces fracture 

risk and increases bone density, regardless of diabetes status.

Denosumab

Denosumab is a monoclonal antibody that inhibits the recep-

tor activator of nuclear factor-kappa B ligand (RANKL), a 

critical regulator of bone resorption. By binding to RANKL, 

denosumab effectively blocks its interaction with the RANK 

receptor, reducing osteoclast differentiation, activity, and 

subsequent bone resorption. This increases BMD and 

improves bone strength.

While denosumab has demonstrated efficacy in prevent-

ing fractures and increasing BMD, its use is associated with 

potential side effects. Some of the most common side effects 

of denosumab are skin reactions, and long-term use has been 

linked to an increased risk of ONJ and atypical femur frac-

tures. Another important consideration with denosumab is 

the ‘bone turnover overshoot’ phenomenon upon discontinu-

ation. After more than 2 years of denosumab use, discon-

tinuation leads to increased bone resorption and an elevated 

risk of multiple vertebral fractures. To address this concern, 

denosumab discontinuation should be followed by BP use; 

however, the ideal schema remains to be defined [21, 22].

In a post-hoc analysis of the subgroup with T2D of the 

Fracture Reduction Evaluation of Denosumab in Osteopo-

rosis every 6 Months (FREEDOM) study and its long-term 

extension, denosumab substantially increased BMD and 

decreased the risk of vertebral fractures in women with oste-

oporosis and T2D; however, the incidence of non-vertebral 

Table 1  Comparison of the 

effect of treatment on changes 

in bone mineral density 

(BMD) and bone turnover 

markers (BTM) in people 

with and without T2D in nine 

bisphosphonate trials

All results are adjusted for trial

BMD bone mineral density, BTM bone turnover marker, CTX serum C-terminal cross-linking telopeptide, 

NTX/Cr urinary N-telopeptide of type I collagen/creatinine, P1NP serum procollagen type I N-propeptide
a 2-way interaction: Treatment × Diabetes status

Reproduced with permission from Eastell et al. [20]

Non-DM T2D Interaction pa

N Mean (95% CI) N Mean (95% CI)

% Difference in BMD change (active-placebo) at 24 months

 Total hip 17,612 3.66 (3.53–3.78) 716 4.08 (3.42–4.75) 0.20

 Femoral neck 19,869 2.89 (2.74–3.04) 791 3.13 (2.27–3.99) 0.57

 Lumbar spine 13,054 4.33 (4.17–4.49) 385 4.62 (3.76–5.47) 0.46

% Difference in BTM change at 3 to 12 months (active-placebo)

 CTX 5789  − 52.1 (− 53.7,  − 50.5) 197  − 51.1 (− 59.8, − 40.5) 0.88

 P1NP 7094  − 50.3 (− 51.4,  − 49.2) 265  − 44.2 (− 50.6, − 36.9) 0.09

 NTX/Cr 3774  − 37.6 (− 39.8,  − 35.2) 119  − 41.5 (− 51.5, − 29.3) 0.53
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fractures was higher with denosumab than with placebo in 

subjects with T2D (11.7 vs. 5.9% p = 0.046) [23]. This find-

ing was mainly driven by the observation of rib and ulna 

fractures only in patients with T2D receiving denosumab, 

while more hip fractures were observed in the group with 

T2D receiving placebo (n = 4) than the group receiving 

denosumab (n = 1), but this difference was not statistically 

significant (p = 0.145) [23]. Moreover, in the SABRE study 

individual trial analysis, participants with T2D showed an 

increased risk of non-vertebral fracture, and there was a 

significant interaction between the effects of denosumab 

and T2D for the non-vertebral fracture risk analysis [20]. 

Therefore, denosumab was effective in reducing vertebral 

fractures in people with T2D. There was no difference in 

the analysis for hip fracture, but there was an increase in the 

risk of non-vertebral fractures in women with T2D with the 

use of denosumab.

SERMs

Selective oestrogen receptor modulators (SERMs) are syn-

thetic compounds that interact selectively with oestrogen 

receptors, exhibiting estrogenic effects on bone tissue while 

displaying antiestrogenic properties in other tissues like the 

breast and uterus. This unique mode of action provides a 

promising approach to addressing bone loss associated with 

oestrogen deficiency, especially in postmenopausal women, 

without some undesirable side effects observed with tradi-

tional hormone replacement therapy [24]. SERMs bind to 

oestrogen receptors within bone cells and increase osteoblast 

activity and bone formation. This results in an overall posi-

tive impact on BMD and bone strength. Moreover, SERMs 

simultaneously inhibit osteoclast-mediated bone resorp-

tion, further contributing to their beneficial effects on bone 

health. However, SERMs may be associated with certain 

side effects, such as hot flashes and venous thromboembo-

lism [24].

Among the most widely studied SERMs for osteoporo-

sis treatment is raloxifene. Raloxifene has been shown to 

reduce the risk of vertebral fractures and improve BMD in 

postmenopausal women with osteoporosis. It also protects 

against oestrogen receptor-positive breast cancer, making 

it an attractive option for women at risk for osteoporosis 

and breast cancer. Data from the Raloxifene Use for The 

Heart (RUTH) trial showed that treatment with raloxifene 

for 5 years reduced the risk of clinical vertebral fractures 

in postmenopausal women, regardless of the presence of 

T2D. Noteworthy, there was no reduction in the risk of non-

vertebral fractures, including hip, femur, and wrist fractures 

[25]. In the Multiple Outcomes of Raloxifene Evaluation 

(MORE) study, raloxifene was more effective at preventing 

vertebral fractures in women with T2D than in those without 

T2D [26]. However, raloxifene is not commonly used due 

the lack of efficacy against non-vertebral fractures and the 

concern that there may be increased stroke risk, the latter 

being of importance in patients with diabetes. Nevertheless, 

the current evidence suggests similar efficacy of SERMs in 

women with and without T2D.

Overall Efficacy of Anti‑Resorptive Drugs

The SABRE study offers compelling evidence that the pres-

ence of T2D has no bearing on the effectiveness of antire-

sorptive treatments for osteoporosis, as both people with and 

without T2D experienced similar increases in bone density 

and decreases in fractures. The study analysed data from 15 

randomised trials of osteoporosis therapies, including BP, 

SERMs, menopausal hormone therapy, denosumab, and 

the non-licenced drug odanacatib. The analysis included 

96,385 subjects, 6.8% of whom had T2D. The researchers 

examined the impact of treatment on fracture risk, BMD, 

and bone turnover markers in individuals with and without 

T2D. Overall, the results showed that antiresorptive treat-

ments effectively reduced fracture risk and increased BMD, 

regardless of diabetes status (Fig. 2) [20]. The findings pro-

vide strong evidence that most licenced antiresorptive drugs 

effectively increase BMD and reduce fracture risk in indi-

viduals with T2D.

Anabolic Drugs

Similarly to anti-resorptive drugs, there are no RCTs that 

assessed the effect of anabolic drugs in people with T2D. 

The current evidence comes from observational studies and 

post-hoc analyses of previous RCTs.

Teriparatide

Teriparatide is a recombinant form of parathyroid hormone. 

The daily administration leads to a transient increase in para-

thyroid hormone levels and anabolic effects on osteoblasts, 

stimulating bone formation and increasing BMD. Moreo-

ver, teriparatide enhances the differentiation of osteoblast 

precursors and promotes the incorporation of calcium into 

newly formed bone matrix. It is indicated for the treatment 

of severe osteoporosis in people with high fracture risk [27], 

as well as for individuals with osteoporosis associated with 

glucocorticoid use [28]. The pivotal trial has shown that 

teriparatide reduces the risk of vertebral and non-vertebral 

fractures [27], and a meta-analysis of observational stud-

ies has shown that it reduces the risk of hip fractures [29]. 

Common adverse reactions include dizziness, nausea, and 

leg cramps, typically occurring during the initial treatment 

phase. Additionally, teriparatide has been associated with 

an increased risk of hypercalcemia, particularly in patients 

with pre-existing hypercalcemia or conditions predisposing 
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to hypercalcemia. Therefore, monitoring serum calcium lev-

els is important during teriparatide therapy.

Another concern associated with teriparatide is the 

potential risk of osteosarcoma. Animal studies have shown 

an increased incidence of osteosarcoma in rats exposed to 

high doses of teriparatide. However, no conclusive evidence 

has established a similar risk in humans. As a precaution-

ary measure, teriparatide is contraindicated in individuals 

with a history of skeletal malignancies or Paget’s disease of 

the bone. The use of teriparatide was initially limited to a 

maximum of 2 years. However, the Food and Drug Admin-

istration removed the boxed warning about the potential 

risk of osteosarcoma and the 2-year lifetime treatment limi-

tation in the USA in 2020. A 15-year US post-marketing 

surveillance study found no evidence of increased osteosar-

coma incidence associated with teriparatide use in adults. 

The observed number of osteosarcoma cases among teri-

paratide-treated patients was lower than expected based on 

the background incidence rate [30]. This study provides 

reassurance regarding the safety of teriparatide in relation to 

osteosarcoma risk. On stopping teriparatide, patients should 

be transitioned to antiresorptive medications for continued 

osteoporosis management.

Current evidence suggests that the efficacy and safety of 

teriparatide are similar in patients with and without T2D. 

Real world observational data from 4042 patients, 291 of 

them with T2D, have shown teriparatide had similar effects 

on fracture incidence, BMD, and back pain in patients with 

Fig. 2  Forest plots showing the effects of treatment on fracture risk in 

T2D (solid circle) and non-DM (solid square). a Vertebral fractures, 

b non-vertebral fractures, and c all fractures. The p values for T2D 

status × treatment interaction for each trial, the overall effects, and the 

p value for heterogeneity of T2D status × treatment interaction across 

trials are all shown. *unestimable: no fractures in active and/or pla-

cebo groups in T2D. Reproduced with permission from Eastell et al. 

[20]
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and without T2D [31]. This study was included in another 

analysis that added three other observational studies [32]. 

The pooled analysis showed significant reductions in clini-

cal vertebral fractures, non-vertebral fractures, clinical 

fractures, and hip fractures during teriparatide treatment in 

people with T2D compared to people without treatment. In 

this study, the reduction in clinical fractures was greater in 

people with T2D compared to people without T2D (Fig. 3). 

Therefore, the current evidence suggests that teriparatide 

presents similar efficacy and safety in people with and with-

out T2D.

Abaloparatide

Abaloparatide is a synthetic analogue of parathyroid hor-

mone-related protein (PTHrP) used to treat osteoporosis in 

postmenopausal women at high fracture risk. It acts as an 

anabolic agent, stimulating bone formation and improving 

BMD. Abaloparatide activates the PTH1 receptor, increasing 

osteoblastic activity and subsequent bone remodelling. Clin-

ical trials have demonstrated its effectiveness in reducing 

the risk of vertebral and non-vertebral fractures. Common 

side effects of abaloparatide include hypercalcemia, nausea, 

and headaches. The data on the efficacy of abaloparatide in 

patients with T2D comes from the post-hoc analysis of the 

ACTIVE trial. In this trial, participants were randomised 

1:1:1 to daily s.c. injections of placebo, abaloparatide 

(80 µg), or open-label teriparatide (20 µg) for 18 months. 

Abaloparatide led to significant (p < 0.001) improvements 

in BMD at the total hip, femoral neck, and lumbar spine, 

TBS at the lumbar spine, and fewer hip and vertebral frac-

tures than placebo in the T2D group. There was a significant 

reduction in the risk of non-vertebral fractures [33]. These 

data suggest similar efficacy of abaloparatide in people with 

and without T2D.

Drug with Dual Mechanisms of Action: 
Romosozumab

Romosozumab is a monoclonal antibody therapy that selec-

tively inhibits sclerostin, a protein that normally suppresses 

bone formation, leading to increased osteoblastic activity 

and enhanced bone formation. Additionally, it transiently 

decreases the activity of osteoclasts, reducing bone resorp-

tion. This dual effect results in a rapid increase in BMD and 

reduced fracture risk. Clinical trials have demonstrated the 

efficacy of romosozumab in reducing the risk of vertebral, 

non-vertebral, and hip fractures [34].

Despite its promising effects, romosozumab is associ-

ated with certain side effects that require attention. Common 

adverse events include injection site reactions, arthralgia, 

and nasopharyngitis. Additionally, cardiovascular events 

have been reported at a slightly higher rate in the romo-

sozumab-treated group compared to the group using BP 

[35]. This observation highlights the importance of care-

fully evaluating cardiovascular risk factors when considering 

romosozumab therapy for osteoporosis, and the treatment is 

not recommended for people with high cardiovascular risk.

Currently, there is no specific evidence on the efficacy or 

safety of romosozumab on people with T2D. T2D is associ-

ated with high sclerostin levels, making romosozumab an 

attractive alternative to treat this population [36]. However, 

there are concerns regarding the cardiovascular safety of 

romosozumab, and its use in patients with a high cardio-

vascular risk is not recommended (54). Experimental stud-

ies have not shown adverse effects of sclerostin inhibition 

Fig. 3  Fracture rates by diabetes mellitus presence use at baseline and 

treatment period. Shown are clinical vertebral fracture (left), non-

vertebral (middle), and clinical fracture (right) rates per 100 patient-

years for the reference period (0 to 6 months) versus post reference 

period (> 6  months) for subgroups based on diabetes mellitus pres-

ence at baseline. *p < 0.05; †p < 0.005; ‡p < 0.0001 between periods. 

Time effect compares fracture rate between the 2 treatment periods 

irrespective of subgroup; interaction assesses whether time effect 

varied between subgroups; subgroup compares fracture rate between 

subgroups irrespective of period effect. Period and subgroup sig-

nificant at p < 0.05; interaction significant at p < 0.10. Abbreviations: 

CVF, clinical vertebral fracture; Fx, fractures; NVF, non-vertebral 

fracture. Reproduced with permission from Langdahl et al. [32]
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on cardiovascular disease outcomes. Observational studies 

and clinical trials have yielded conflicting results, with some 

showing an increased risk of cardiovascular disease events 

with romosozumab treatment and others showing no effect 

[37]. Mendelian randomisation studies have used genetic 

variants that mimic the effects of sclerostin inhibition. Two 

out of three Mendelian randomisation studies provided fur-

ther evidence for increased cardiovascular risk, with those 

genetically predisposed to lower sclerostin found to be at 

increased risk of myocardial infarction and T2D [38, 39] 

and one study finding greater coronary arterial calcification 

[38]. However, one Mendelian randomisation study did not 

find an effect of sclerostin lowering on the risk of myocar-

dial infarction or T2D but found an effect on systolic blood 

pressure [40]. A pharmacovigilance study analysed serious 

cardiovascular events associated with romosozumab using 

data from the US FDA Adverse Event Reporting System 

(FAERS) from January 2019 to December 2020. The study 

found that romosozumab was associated with an increased 

risk of major cardiovascular events (such as myocardial 

infarction, stroke, and cardiac death) as well as other car-

diovascular events (such as bleeding and thrombosis). These 

results were driven by the cases from Japan, where patients 

were older and more frequently male than reports from the 

USA [41]. Overall, the evidence suggests that sclerostin 

inhibition may increase the risk of cardiovascular disease, 

and further assessment of cardiovascular risk is needed 

when considering treatment with romosozumab. Given that 

T2D is associated with an increased risk of cardiovascular 

events, it is unlikely that the benefits of using romosozumab 

in this population would outweigh the risk of increasing car-

diovascular risk.

Conclusion

Osteoporosis and T2D are public health concerns. They 

impose significant burdens on patients, contribute to 

increased healthcare costs, and reduce quality of life, par-

ticularly for the elderly population. Despite no marked 

reduction in BMD and low bone turnover, individuals with 

T2D face an increased risk of fractures across various skel-

etal sites. These observations have raised concerns regarding 

the efficacy of anti-osteoporosis drugs in this population. 

Although no randomised controlled trials have specifically 

targeted individuals with T2D, observational studies and 

post-hoc analyses of RCTs have offered valuable insights 

into the effects of diverse anti-osteoporosis treatments in 

this patient group. Both anti-resorptive and anabolic agents 

have shown similar effectiveness in increasing BMD and 

reducing fractures in individuals with and without T2D. The 

current evidence suggests that most anti-osteoporosis drugs 

exhibit comparable efficacy in people with and without T2D. 

However, further investigations specifically designed for this 

population would be desirable.

Funding The authors received no funding for this project.

Data Availability No datasets were generated during the current study. 

The review is based on the references cited.

Declarations 

Conflict of Interest The authors report no relationships that could be 

considered as a conflict of interest.

Human and Animal Rights and Informed Consent This article does not 

contain any studies with human or animal subjects performed by any 

of the authors.

Disclosures RE receives consultancy funding from Immunodiagnostic 

Systems, Sandoz, Samsung, CL Bio, Biocon, Takeda, UCB, meeting 

presentations for Pharmacosmos, Alexion, UCB and Amgen, and grant 

funding from Alexion. TV received consultancy and grant funding 

from Pharmacosmos and grant funding from Alexion.

Open Access  This article is licensed under a Creative Commons Attri-

bution 4.0 International License, which permits use, sharing, adapta-

tion, distribution and reproduction in any medium or format, as long 

as you give appropriate credit to the original author(s) and the source, 

provide a link to the Creative Commons licence, and indicate if changes 

were made. The images or other third party material in this article are 

included in the article's Creative Commons licence, unless indicated 

otherwise in a credit line to the material. If material is not included in 

the article's Creative Commons licence and your intended use is not 

permitted by statutory regulation or exceeds the permitted use, you will 

need to obtain permission directly from the copyright holder. To view a 

copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin 

N, Colagiuri S, Guariguata L, Motala AA, Ogurtsova K, Shaw JE, 

Bright D, Williams R. Global and regional diabetes prevalence 

estimates for 2019 and projections for 2030 and 2045: Results 

from the International Diabetes Federation Diabetes Atlas, 9(th) 

edition. Diabetes Res Clin Pract. 2019;157: 107843.

 2. Kanis JA, Cooper C, Rizzoli R, Reginster JY. European guidance 

for the diagnosis and management of osteoporosis in postmeno-

pausal women. Osteoporos Int. 2019;30(1):3–44.

 3. Vilaca T, Schini M, Harnan S, Sutton A, Poku E, Allen IE, Cum-

mings SR, Eastell R. The risk of hip and non-vertebral fractures in 

type 1 and type 2 diabetes: a systematic review and meta-analysis 

update. Bone. 2020;137: 115457.

 4. Wang H, Ba Y, Xing Q, Du JL. Diabetes mellitus and the risk of 

fractures at specific sites: a meta-analysis. BMJ Open. 2019;9(1): 

e024067.

 5. Vestergaard P. Discrepancies in bone mineral density and fracture 

risk in patients with type 1 and type 2 diabetes–a meta-analysis. 

Osteoporos Int. 2007;18(4):427–44.

 6. Vilaca T, Walsh J, Eastell R. Discordant pattern of peripheral 

fractures in diabetes: a meta-analysis on the risk of wrist and ankle 

fractures. Osteoporos Int. 2019;30(1):135–43.

http://creativecommons.org/licenses/by/4.0/


9Current Osteoporosis Reports (2024) 22:1–10 

1 3

 7. Prieto-Alhambra D, Premaor MO, Fina Avilés F, Hermosilla E, 

Martinez-Laguna D, Carbonell-Abella C, Nogués X, Compston 

JE, Díez-Pérez A. The association between fracture and obesity 

is site-dependent: a population-based study in postmenopausal 

women. J Bone Miner Res. 2012;27(2):294–300.

 8. Kvist AV, Nasser MI, Vestergaard P, Frost M, Burden AM. Site-

specific fracture incidence rates among patients with type 1 diabe-

tes, type 2 diabetes, or without diabetes in Denmark (1997–2017). 

Diabetes Care. 2023;46(3):633–42.

 9. Rasmussen NH, Dal J, Kvist AV, van den Bergh JP, Jensen MH, 

Vestergaard P. Bone parameters in T1D and T2D assessed by 

DXA and HR-pQCT - a cross-sectional study: The DIAFALL 

study. Bone. 2023;172: 116753.

 10. Schwartz AV, Vittinghoff E, Bauer DC, Hillier TA, Strotmeyer 

ES, Ensrud KE, Donaldson MG, Cauley JA, Harris TB, Koster 

A, Womack CR, Palermo L, Black DM. Association of BMD 

and FRAX score with risk of fracture in older adults with type 

2 diabetes. JAMA. 2011;305(21):2184–92.

 11. Ferrari SL, Abrahamsen B, Napoli N, Akesson K, Chandran M, 

Eastell R, El-Hajj Fuleihan G, Josse R, Kendler DL, Kraenzlin 

M, Suzuki A, Pierroz DD, Schwartz AV, Leslie WD. Diagnosis 

and management of bone fragility in diabetes: an emerging chal-

lenge. Osteoporos Int. 2018;29(12):2585–96.

 12. Cremers S, Drake MT, Ebetino FH, Bilezikian JP, Russell 

RGG. Pharmacology of bisphosphonates. Br J Clin Pharmacol. 

2019;85(6):1052–62.

 13. Eastell R, Rosen CJ, Black DM, Cheung AM, Murad MH, Sho-

back D. Pharmacological management of osteoporosis in post-

menopausal women: an endocrine society* Clinical Practice 

Guideline. J Clin Endocrinol Metab. 2019;104(5):1595–622.

 14. Black DM, Geiger EJ, Eastell R, Vittinghoff E, Li BH, Ryan 

DS, Dell RM, Adams AL. Atypical femur fracture risk versus 

fragility fracture prevention with bisphosphonates. N Engl J 

Med. 2020;383(8):743–53.

 15. Black DM, Condra K, Adams AL, Eastell R. Bisphospho-

nates and the risk of atypical femur fractures. Bone. 2022;156: 

116297.

 16. Rasmussen NH, Dal J, de Vries F, van den Bergh JP, Jensen MH, 

Vestergaard P. Diabetes and fractures: new evidence of atypical 

femoral fractures? Osteoporos Int. 2020;31(3):447–55.

 17. Vestergaard P, Rejnmark L, Mosekilde L. Are antiresorptive drugs 

effective against fractures in patients with diabetes? Calcif Tissue 

Int. 2011;88(3):209–14.

 18. Keegan TH, Schwartz AV, Bauer DC, Sellmeyer DE, Kelsey JL. 

Effect of alendronate on bone mineral density and biochemical 

markers of bone turnover in type 2 diabetic women: the fracture 

intervention trial. Diabetes Care. 2004;27(7):1547–53.

 19. Inoue D, Muraoka R, Okazaki R, Nishizawa Y, Sugimoto T. 

Efficacy and safety of risedronate in osteoporosis subjects with 

comorbid diabetes, hypertension, and/or dyslipidemia: a post hoc 

analysis of phase III trials conducted in Japan. Calcif Tissue Int. 

2016;98(2):114–22.

 20. Eastell R, Vittinghoff E, Lui LY, Ewing SK, Schwartz AV, Bauer 

DC, Black DM, Bouxsein ML. Diabetes mellitus and the ben-

efit of antiresorptive therapy on fracture risk. J Bone Miner Res. 

2022;37(11):2121–31.

 21. Tsourdi E, Langdahl B, Cohen-Solal M, Aubry-Rozier B, Eriksen 

EF, Guañabens N, Obermayer-Pietsch B, Ralston SH, Eastell R, 

Zillikens MC. Discontinuation of Denosumab therapy for osteopo-

rosis: a systematic review and position statement by ECTS. Bone. 

2017;105:11–7.

 22. Sølling AS, Harsløf T, Langdahl B. Treatment with zoledronate 

subsequent to denosumab in osteoporosis: a randomized trial. J 

Bone Miner Res. 2020;35(10):1858–70.

 23. Ferrari S, Eastell R, Napoli N, Schwartz A, Hofbauer LC, Chines 

A, Wang A, Pannacciulli N, Cummings SR. Denosumab in 

postmenopausal women with osteoporosis and diabetes: sub-

group analysis of FREEDOM and FREEDOM extension. Bone. 

2020;134: 115268.

 24. Ettinger B, Black DM, Mitlak BH, Knickerbocker RK, Nickelsen 

T, Genant HK, Christiansen C, Delmas PD, Zanchetta JR, Stak-

kestad J, Glüer CC, Krueger K, Cohen FJ, Eckert S, Ensrud KE, 

Avioli LV, Lips P, Cummings SR. Reduction of vertebral fracture 

risk in postmenopausal women with osteoporosis treated with 

raloxifene: results from a 3-year randomized clinical trial. Mul-

tiple Outcomes of Raloxifene Evaluation (MORE) Investigators. 

Jama. 1999;282(7):637–645.

 25. Ensrud KE, Stock JL, Barrett-Connor E, Grady D, Mosca L, Khaw 

KT, Zhao Q, Agnusdei D, Cauley JA. Effects of raloxifene on 

fracture risk in postmenopausal women: the Raloxifene Use for 

the Heart Trial. J Bone Miner Res. 2008;23(1):112–20.

 26. Johnell O, Kanis JA, Black DM, Balogh A, Poor G, Sarkar S, Zhou 

C, Pavo I. Associations between baseline risk factors and vertebral 

fracture risk in the Multiple Outcomes of Raloxifene Evaluation 

(MORE) Study. J Bone Miner Res. 2004;19(5):764–72.

 27. Neer RM, Arnaud CD, Zanchetta JR, Prince R, Gaich GA, Regin-

ster JY, Hodsman AB, Eriksen EF, Ish-Shalom S, Genant HK, 

Wang O, Mitlak BH. Effect of parathyroid hormone (1–34) on 

fractures and bone mineral density in postmenopausal women 

with osteoporosis. N Engl J Med. 2001;344(19):1434–41.

 28. Saag KG, Shane E, Boonen S, Marín F, Donley DW, Taylor KA, 

Dalsky GP, Marcus R. Teriparatide or alendronate in glucocorti-

coid-induced osteoporosis. N Engl J Med. 2007;357(20):2028–39.

 29. Díez-Pérez A, Marin F, Eriksen EF, Kendler DL, Krege JH, Del-

gado-Rodríguez M. Effects of teriparatide on hip and upper limb 

fractures in patients with osteoporosis: a systematic review and 

meta-analysis. Bone. 2019;120:1–8.

 30. Gilsenan A, Midkiff K, Harris D, Kellier-Steele N, McSorley D, 

Andrews EB. Teriparatide did not increase adult osteosarcoma 

incidence in a 15-year US postmarketing surveillance study. J 

Bone Miner Res. 2021;36(2):244–51.

 31. Schwartz AV, Pavo I, Alam J, Disch DP, Schuster D, Harris JM, 

Krege JH. Teriparatide in patients with osteoporosis and type 2 

diabetes. Bone. 2016;91:152–8.

 32. Langdahl BL, Silverman S, Fujiwara S, Saag K, Napoli N, Soen 

S, Enomoto H, Melby TE, Disch DP, Marin F, Krege JH. Real-

world effectiveness of teriparatide on fracture reduction in patients 

with osteoporosis and comorbidities or risk factors for fractures: 

integrated analysis of 4 prospective observational studies. Bone. 

2018;116:58–66.

 33. Dhaliwal R, Hans D, Hattersley G, Mitlak B, Fitzpatrick LA, 

Wang Y, Schwartz AV, Miller PD, Josse RG. Abaloparatide in 

postmenopausal women with osteoporosis and type 2 diabetes: a 

post hoc analysis of the ACTIVE Study. JBMR Plus. 2020;4(4): 

e10346.

 34. Cosman F, Crittenden DB, Adachi JD, Binkley N, Czerwinski 

E, Ferrari S, Hofbauer LC, Lau E, Lewiecki EM, Miyauchi A, 

Zerbini CA, Milmont CE, Chen L, Maddox J, Meisner PD, Liba-

nati C, Grauer A. Romosozumab treatment in postmenopausal 

women with osteoporosis. N Engl J Med. 2016;375(16):1532–43.

 35. Saag KG, Petersen J, Brandi ML, Karaplis AC, Lorentzon M, 

Thomas T, Maddox J, Fan M, Meisner PD, Grauer A. Romo-

sozumab or alendronate for fracture prevention in women with 

osteoporosis. N Engl J Med. 2017;377(15):1417–27.

 36. Hygum K, Starup-Linde J, Harsløf T, Vestergaard P, Langdahl 

BL. Mechanisms in endocrinology: diabetes mellitus, a state of 

low bone turnover - a systematic review and meta-analysis. Eur J 

Endocrinol. 2017;176(3):R137-r157.

 37. Tobias JH. Sclerostin and Cardiovascular Disease. Curr Osteo-

poros Rep. 2023;21(5):519–26. https:// doi. org/ 10. 1007/ 

s11914- 023- 00810-w.

https://doi.org/10.1007/s11914-023-00810-w
https://doi.org/10.1007/s11914-023-00810-w


10 Current Osteoporosis Reports (2024) 22:1–10

1 3

 38. Zheng J, Wheeler E, Pietzner M, Andlauer TFM, Yau MS, Hartley 

AE, Brumpton BM, Rasheed H, Kemp JP, Frysz M, Robinson J, 

Reppe S, Prijatelj V, Gautvik KM, Falk L, Maerz W, Gergei I, 

Peyser PA, Kavousi M, de Vries PS, Miller CL, Bos M, van der 

Laan SW, Malhotra R, Herrmann M, Scharnagl H, Kleber M, 

Dedoussis G, Zeggini E, Nethander M, Ohlsson C, Lorentzon 

M, Wareham N, Langenberg C, Holmes MV, Davey Smith G, 

Tobias JH. Lowering of circulating sclerostin may increase risk of 

atherosclerosis and its risk factors: evidence from a genome-wide 

association meta-analysis followed by Mendelian randomization. 

Arthritis Rheumatol. 2023;75(10):1781–92. https:// doi. org/ 10. 

1002/ art. 42538.

 39. Bovijn J, Krebs K, Chen CY, Boxall R, Censin JC, Ferreira T, Pulit 

SL, Glastonbury CA, Laber S, Millwood IY, Lin K, Li L, Chen Z, 

Milani L, Smith GD, Walters RG, Mägi R, Neale BM, Lindgren 

CM, Holmes MV. Evaluating the cardiovascular safety of scle-

rostin inhibition using evidence from meta-analysis of clinical tri-

als and human genetics. Sci Transl Med. 2020;12(549):eaay6570. 

https:// doi. org/ 10. 1126/ scitr anslm ed. aay65 70.

 40. Holdsworth G, Staley JR, Hall P, van Koeverden I, Vangjeli C, 

Okoye R, Boyce RW, Turk JR, Armstrong M, Wolfreys A, Pas-

terkamp G. Sclerostin downregulation globally by naturally occur-

ring genetic variants, or locally in atherosclerotic plaques, does 

not associate with cardiovascular events in humans. J Bone Miner 

Res. 2021;36(7):1326–39.

 41. Vestergaard Kvist A, Faruque J, Vallejo-Yagüe E, Weiler S, Winter 

EM, Burden AM. Cardiovascular safety profile of romosozumab: 

a pharmacovigilance analysis of the US Food and Drug Admin-

istration Adverse Event Reporting System (FAERS). J Clin Med. 

2021;10(8):1660. https:// doi. org/ 10. 3390/ jcm10 081660.

Publisher's Note Springer Nature remains neutral with regard to 

jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1002/art.42538
https://doi.org/10.1002/art.42538
https://doi.org/10.1126/scitranslmed.aay6570
https://doi.org/10.3390/jcm10081660

	Efficacy of Osteoporosis Medications in Patients with Type 2 Diabetes
	Abstract
	Purpose of the Review 
	Recent Findings 
	Summary 

	Introduction
	Bone Fragility in T2D
	Diagnosis and Management of Osteoporosis in T2D
	Efficacy of Anti-Osteoporosis Medication in T2D
	Anti-Resorptive Drugs
	Bisphosphonates
	Denosumab
	SERMs
	Overall Efficacy of Anti-Resorptive Drugs

	Anabolic Drugs
	Teriparatide
	Abaloparatide

	Drug with Dual Mechanisms of Action: Romosozumab

	Conclusion
	References


