
1.2 Impact of DM2 medications on fracture risk16

Although lifestyle intervention is the cornerstone of 
management for patients with DM2, most patients eventually 
require pharmacological therapy. Many agents are available 
with di�erential e�ects on bone metabolism. Metformin, 
sulfonylurea, thiazolidinediones (TZDs), dipeptidyl peptidase 4 
inhibitors (DPP-4i), glucagon-like peptide 1 receptor agonists 
(GLP-1RA), sodium-glucose co-transporter 2 (SGLT2) 
inhibitor and insulin are the most commonly used medications. 
Table 1 depicts a summary of the e�ects of these DM2 
medications on BMD and fracture risks. Furthermore, bariatric 
surgery is now included in the therapeutic armamentarium for 
DM2. 

Metformin

Metformin primarily decreases hepatic glucose production by 
inhibiting key enzymes for gluconeogenesis and enhances 
peripheral insulin sensitivity. Experimental studies have 
indicated bene�cial e�ects on bone formation, whereas large 
clinical studies resulted in neutral or positive e�ects on BMD 
and fracture risk in di�erent and various large patient cohorts.17 

�ere is no current evidence from randomised controlled trials. 
However, these observational data strongly suggest a protective 
role of metformin on bone health.18-20 

Sulfonylureas (SU)

SU are SU receptor-1 agonists, which initiate inhibition of the 
adenosine triphosphate sensitive K+ channel and results in the 
depolarization of cell membrane, leading to increased 
endogenous insulin secretion. With the exception of the 
Osteoporotic Fractures in Men (MrOS) study17, which suggests 
that SU increase fracture risk in old men with DM2, the rest of 
the studies are indicative of a bene�cial or at least neutral e�ect 
on fracture risk.21-23 Furthermore, the e�ect of SU on bone 
metabolism and BMD seem to be neutral as well. However, the 
high risk of hypoglycaemia may increase the number of falls and 
fractures, and this should be taken into account when selecting 
therapy for these patients. 

Thiazolidinediones (TZDs)

TZDs are peroxisome proliferator-activated receptor Υ agonists 
that modulate gene expression, resulting in improved glucose 
uptake, beta-cell function and insulin sensitivity. Studies have 
shown that TZDs may potentially reduce bone density and 
increase fractures risks compared with other antidiabetic 
medications.21 �is e�ect has now been con�rmed in 
randomised studies and meta analyses.24-26 �is risk was similar 
with pioglitazone and rosiglitazone, did not vary with age and 
was associated with reductions in BMD.28 �e risk was also 
reported to be higher in women and those above 65 years old28

with a reduction in risk following discontinuation of the 
TZD.29 A key part of the TZD action is the activation of 
adipogenesis, for which peroxisome proliferator-activated 
receptor Υ is required. Adipocytes and osteoblasts are both 
derived from mesenchymal, and activation of adipogenesis is 

known to be associated with suppression of regulators of bone 
di�erentiation.30 �us, the e�ects of TZDs on bone are closely 
linked to their metabolic e�ects, and it should be avoided in 
women who are at increased fracture risk.

Dipeptidyl peptidase -4 inhibitor (DPP-4i)

DPP-4i are oral antidiabetic medications that inhibit the 
enzyme DPP-4, and its inhibition would potentially a�ect 
glucose regulation through multiple e�ects. �e SAVOR-TIMI 
trial found no e�ect of saxagliptin on fracture risk31 and a 
meta-analysis of various medications in this category found a 
protective e�ect on fracture prevention.32 However, a recent 
post hoc analysis of 20 randomised clinical trials (RCTs) found 
a slightly higher incidence of fractures with saxagliptin as 
compared to the control group.33 �e TECOS trial with 
sitagliptin found a neutral e�ect on fractures.34 �us, taken 
together, there are more data supportive of a more neutral e�ect 
of this class of drugs on fractures. Further studies are needed to 
con�rm any possible bene�cial e�ect on bone protection.

Glucagon-like peptide-1 receptor agonist (GLP1 RA)

GLP1 RA potentiates glucose induced insulin secretion and 
inhibits glucagon release. �ey also delay gastric emptying, 
reduce appetite and induces signi�cant weight loss. A 
meta-analysis of clinical trials found no e�ect of treatment on 
fractures as serious adverse events36, although a meta-analysis 
found a protective e�ect of liraglutide and a negative e�ect of 
exenatide.37 However, none of the studies included was 
powered for bone outcomes. �us, these results should be 
interpreted with caution. 

Sodium-Glucose Transport Protein 2-Inhibitors 
(SGLT2-i)

SGLT2i inhibits the sodium-glucose cotransporters, resulting 
in loss of glucose through urine and reduction in glucose 
concentrations. Several agents are available in this class, of 
which canagli�ozin has been demonstrated to potentially exert 
negative e�ects on bone density, bone resorption and fracture 
risk at the hip.37-38 �is increased fracture risk was seen more 
commonly in those who were older, with a past history of 
cardiovascular diseases, lower baseline glomerular �ltration rate 
and higher baseline diuretic use and may be mediated by 
increased falls. �is has now resulted in the revision of the 
labelling of this drug and addition of new warning by the U.S. 
Food and Drug Administration in September 2015. 
Empagli�ozin and dapagli�ozin have not been shown to exert 
signi�cant changes in BMD, bone markers, or fracture risk and 
are thought to have a neutral e�ect on bone.39-40 Further studies 
are needed to elucidate the long-term safety and mechanism of 
bone loss in this new class of drug.

Insulin

�ere are no speci�c RCT designed to investigate the e�ects of 
insulin on bone health. However, it has been consistently 
shown that patients who are treated with insulin in general 

present with an increased prevalence of fracture. Higher fracture 
risks are also associated with longer duration of diabetes, 
presence of more DM complications, increased risk of falls, and 
increased incidence of hypoglycaemia.

Bariatric surgery

Bariatric surgery is now a well-established therapeutic option in 
DM2 patients with BMI > 35 (Asian 32.5) kg/m2. �is has been 
recognised as the most e�ective way to sustain weight loss and 
improve glycaemic control requiring fewer medications. 
However, studies have shown that fracture risk seems to be 
increased between one to two years after surgery and is more 
associated with biliopancreatic diversions and Roux-en-Y gastric 
bypass. It is unclear whether sleeve gastrectomy is safe for 
skeletal health as it is a new procedure, and its skeletal e�ects 
have not been well de�ned.41

2. Fracture risk assessment in DM2 patients

2.1 Dual-energy X-ray absorptiometry (DXA) 
scans limitations and pitfalls

DM2 patients, despite their higher fracture risks, are known to 
have a �ve to ten percent higher areal BMD compared to 
non-DM2 subjects.42-43 �e increase in BMD was more 
pronounced in younger men, presence of higher BMI and 
higher HbA1C. However, these meta-analyses had substantial 
heterogeneity in the study designs and de�nitions of DM2.43

�is relatively higher BMD in those with DM2 implies that an 
even lower proportion of subjects with a fracture will have a 
BMD T score < -2.5 ( i.e. in the osteoporotic range) than 
among the non-DM2 population.44 Studies have shown that for 
a given BMD T score, the fracture risk was higher in DM2 
patients compared to those without DM2. Moreover, a T-score 
in a woman with DM2 is associated with hip fracture risk is 
equivalent to a woman without DM2 with a T score of 
approximately 0.5 units lower. Nevertheless, data have clearly 
con�rmed that while BMD systemically underestimates fracture 
risk, it still strati�ed fracture risk in elderly patients with 
DM2.45

Some studies suggest that DM2 may be associated with a more 
rapid bone loss which may result in increased fracture risks.46-47

Trabecular Bone Score (TBS) is a grey–level textural metric that 
is obtained from lumbar spine dual-energy X-ray 
absorptiometry (DXA) images. Decreased TBS has been found 
to be associated with an elevated risk for osteoporotic fractures 
independent of BMD in cohort studies. �ese results were 
con�rmed by a recent meta-analysis of prospective cohort data48

and adopted as evidence in position papers.49-50 However, 
studies in di�erent ethnic groups have shown variable results, 
particularly with respect to each gender.51-52 Recent analyses 
indicate that TBS evaluated on DXA scans is inversely related to 
BMI and abdominal fat53, whether TBS represents alterations of 
bone structure in diabetes, therefore, remains unknown.

2.2 Other measures of bone quality

Since reduced BMD alone does not fully explain increased in 
fracture risk and bone fragility in DM2 patients, there are 
ongoing studies looking into other techniques in measuring 
bone quality. �ese include HR-pQCT (Xtreme CT) at the 
distal radius and/or tibia, and studies in postmenopausal 
women with DM2 showed a trend toward greater cortical 
porosity compared to controls.54 Trabecular bone volume is 
more heterogeneous and is preserved in patients with DM2. 
Further studies have also shown that DM2 patients with 
microvascular disease demonstrated cortical de�cits on 
HR-pQCT. Higher cortical porosity in mid cortical and 
periosteal layers in DM2 patients with prior fracture compared 
to DM2 patients without history of fractures suggests that these 
cortical sub-compartments may be sensitive to DM2 induced 
toxicity and may re�ect microvascular disease.14, 55

Other measurements of bone strength, such as micro�nite 
element analysis and microindentation of the tibia outer cortex 
have shown lower results compared to control.56-57 However, 
these methods of measurement of bone strength are yet to be 
made accessible outside the research context.

3. Anti-Osteoporosis treatments in DM2 patients

No randomised clinical trials have directly evaluated the 
anti-fracture e�cacy of osteoporosis treatment in diabetic 
patients. �e clinical evidence regarding the e�cacy of 
anti-osteoporosis treatments in diabetic patients is provided by 
post hoc analyses in subgroups from randomised clinical trials 
enrolling osteoporosis patients and from a few observational 
studies.

In the Fracture Intervention Trial (FIT), postmenopausal 
women including DM2 patients with femoral T score < -1.6 
were randomly treated with alendronate or placebo for three 
years. In a post hoc analysis, it was reported that DM2 status 
did not alter the e�ect of alendronate on BMD gain versus 
placebo.58 Data extracted from the Danish national prescription 
registry reported that DM2 with or without complications did 
not in�uence fracture risk in patients who adhered to 
alendronate.59 In osteoporotic Japanese women with DM2, 
risedronate treatment showed similar responses in BMD of LS 
Spine and bone markers between DM2 and non-DM2 
patients.60 

Data are not available currently speci�cally evaluations DM2 
patients in their response to IV bisphosphonates and 
denosumab. Anti-fracture e�cacy of raloxifene was similar 
between patients with and without DM2 in the RUTH 
(Raloxifene Use for �e Heart) trial61 and in a Danish cohort. 
Teriparatide treatment had a similar e�ect in DM2 versus 
non-DM2 patients on vertebral and hip BMD.62 However, its 
e�ects speci�cally on bone strength and fracture risk remain to 
be speci�cally evaluated.

New and future osteoporosis medications

Abaloparatide may have potential in the treatment of bone 
fragility in DM2 as it can stimulate bone formation with a lesser 
increase in bone resorption. Romosozumab, an anti-sclerostin 
antibody, is currently under investigation as a new anabolic 
treatment and has been shown to enhance bone mass and 
strength in animal diabetic models.63 Whether this would 
translate to better bone health in DM2 patient remains to be 
seen. Recent signals of increased cardiovascular risk are of 
potential concerns, especially in DM2 patients.64 Further 
prospective studies are needed to understand this better. 

4. Management of bone fragility in DM2 patients

Figure 1 shows a suggested algorithm for diagnosing 
osteoporosis and initiation of treatment in DM2 patients. �e 
criteria are based on the presence of fragility fracture and/or a 
low BMD.65 

BMD intervention threshold of T < -2.0 have been adopted in 
this algorithm to allow for the paradoxically elevated BMD 
results in DM2 patients. However, this suggested adjustment 
and cut-o� have not been validated in the Asian and middle 
eastern population. 

FRAX computation in DM2 patient has also been suggested to 
be adjusted to take into account DM2 as a risk factor for 
fractures. Conventional clinical risk factors can be employed to 
identify DM2 patients at increased fracture risk. However, it is 
worth noting that FRAX does not fully capture the risk of 
osteoporotic fractures in DM2 patients and systematically 
underestimates fracture risk. Hence for a given FRAX score, 
fracture risk of a DM2 patient is in fact higher compared to a 
non-DM2 patient. FRAX adjustments have been proposed as 
follows, and either of these options may be adopted:44, 66

- Substitute Rheumatoid Arthritis as type 2 DM in FRAX
- Reducing the T score by 0.5 deviations
- Adding ten years into the age

4.1 General measures 

Lifestyle intervention 

Lifestyle intervention is always recommended in patients with 
DM2 and is the basis of any clinical guidelines. However, 
weight loss is associated with both muscle and bone loss that 
may increase the risk of bone fragility and sarcopenia.67 �us, 
adequate protein intake and weight-bearing exercises are 
important to prevent sarcopenia and sarcopenic-obesity68. 
Physical activity helps to prevent bone loss during weight loss 
program and is associated with decreased sclerostin and 
improvement in quality of life.69 Other lifestyle measures such 
as avoidance of smoking and limiting alcohol intake (less than 
three units per day) are also essential. 

Lower levels of 25-hydroxy-vitamin D levels have also been 
associated with DM2 as well, mostly in the obese and 

insulin-resistant states. Although the bene�ts of vitamin D 
supplementation on bone have not been demonstrated in 
diabetics, by analogy with the non-DM2 patient, a daily 
vitamin D intake of 800 IU/d may be recommended. 
Progressive higher doses of vitamin D may be required to 
achieve optimal serum levels of vitamin D. An adequate calcium 
intake (preferably from diet,100 mg/day) is recommended as 
well.

Glycaemic control

Good glycaemic control and prevention of chronic 
hyperglycaemia are important in reducing advanced glycation 
end products (AGEs), glycation of collagen and microvascular 
complications which are important in the maintenance of 
skeletal health. Glycaemic targets should be individualised, 
balancing the demonstrated bene�ts of prevention of 
microvascular complications and risk of hypoglycaemia. 
Antidiabetic treatments such as thiazolidinediones should be 
avoided in DM2 patients with osteoporosis and risk of fragility 
fractures. Canagli�ozin, although not necessarily all SGLT2i, 
should be avoided in these patients as well. 

4.2 Pharmacologic therapy

In addition to lifestyle measures, patients at high risk of 
fractures should receive pharmacological therapy. At the current 
time and in the absence of strong evidence against, 
bisphosphonates remain the �rst choice for osteoporosis 
treatment in DM2 patients. Although there are no speci�c data 
on DM2 patients on the e�cacy of denosumab, this may be a 
preferred treatment option, especially in patients who have 
renal impairment or are unable to tolerate bisphosphonates. 
However, the use and potential bene�t of anti-resorptive drugs 
in patients with DM2 who are characterised by near normal 
BMD and/or low bone turnover markers whose bone fragility 
may mostly result from poor bone material properties remains 
unproven and needs further studies. In this context, anabolic 
agents such as teriparatide, abaloparatide or romosozumab 
present a potential interest. Table 2 depicts a summary of the 
e�ect of anti-osteoporosis medications on BMD and fracture 
risks in DM2 patients. 

CONCLUSION

�e pathophysiology of fragility fractures in DM2 patients is 
complex and multifactorial. Longitudinal studies have 
established the limitation of current tools such as BMD and 
FRAX in estimating fracture risks. �e optimal management of 
fragility fractures in DM2 patients has yet to be established in 
long term prospective studies. �e current consensus is based on 
expert opinions and working group, which may change as the 
data evolves in this area. Good glycaemic control, lifestyle 
intervention and exercise remain important cornerstone of 
osteoporosis treatment in DM2 patients. Anti-osteoporosis 
treatments should be started in DM2 patients with a history of 
fragility fracture or at risk of fragility fractures. Future studies 
and new trials will further evaluate and prospectively investigate 
the e�cacy and safety of osteoporosis treatment in DM2 

patients. 
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collagen is thought to contribute to lower bone formation. 
Together with low bone turnover, reduction in unmineralized 
matrix, and increased collagen glycation may contribute to 
increased fragility of diabetic bone.8 Recent studies have also 
shown that AGEs accumulation with altered mineral maturity 
a�ects the quality of bone independent of bone volume 
fraction, which may explain the epidemiological evidence that 
in DM2 patients who despite paradoxically having higher 
quantity of bone have higher risk of fragility fracture.9 In 
histomorphometric and biochemical studies of diabetes 
patients, bone turnover is low with a reduction in both bone 
formation and, to a lesser degree bone resorption.10 Bone 
turnover may also be a�ected by late stages of DM2 
complications such as renal failure associated adynamic bone 
disease. 

1. Diabetes-related risk factors for fragility
fractures

�e mechanism for increased fragility fractures in DM2 is 
complex, but it is likely multifactorial and can be divided into 
factors related to glycaemic control, anti-diabetic medications 
and disease complications. 

1.1 DM2 Glycaemic control and complications

Chronic hyperglycaemia exposes excess glucose to the free 
amino acids in circulation or tissue proteins. �is 
non-enzymatic process initially forms reversible early glycation 
products and later, irreversible advanced glycation end products 
(AGEs). �e accumulation of AGEs in bone matrix as a result of 
hyperglycaemia alters collagen structure, impacts osteoblasts 
and osteoclasts function, increases bone marrow adiposity, 
release in�ammatory cytokines, and alters osteocyte number 
and function, all of which contribute to reducing bone 
quality.11-12 AGEs also contribute to the development of 
microvascular complications. 

Microvascular complications may a�ect the bone 
microvasculature with shifts in production to adipocytes and 
away from osteoblasts, resulting in an increase in bone marrow 
adiposity. Some studies have demonstrated an association of 
bone marrow adiposity with fractures and glycated 
haemoglobin (A1C) level or fractures.13 DM2 patients with 
microvascular complications have been shown in studies to have 
cortical bone de�cits.14 

In addition, microvascular complications such as sensory 
neuropathy and retinopathy with visual impairment increase 
the risk of falling. Older diabetic women have also been 
reported to have an increased risk of falling.15
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ABSTRACT
Patients with type 2 diabetes mellitus (DM2) are 
recognised to have a higher risk of fragility fractures. 
With the increasing prevalence of DM2 in Singapore and 
an ageing population, the impact of DM2 on fragility 
fracture is expected to rise. The aim of this article is to 
review updated information on bone fragility and fracture 
risk in DM2 patients, to discuss the impact of diabetes 
treatment on bone metabolism, as well as the efficacy of 
anti-osteoporosis treatments for this population. An 
algorithm is proposed for the identification and 
management of DM2 patients at increased fracture risk.
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INTRODUCTION

Epidemiology - DM2 and fragility fractures

Diabetes and fragility fractures are both major global health 
challenges. �e global prevalence of diabetes among adults over 
18 years has risen from 4.7 percent in 1980 to 8.5 percent in 
2014.1  Worldwide, one in three women, as well as one in �ve 
men over the age of 50 years old, will experience osteoporotic 
fractures.2 Asians, especially South Asians, are predisposed 
toward DM2 to a greater extent than Caucasians.3 Singapore 
has a prevalence of DM2 at 10.5 percent which is higher than 
the world average of 8.8 percent, with estimates of prevalence 
rising to 15 percent in 2050.4  It is also projected that more 
than 50 percent of all fragility fractures will occur in Asia by the 
year 2050.5 Studies have shown that patients with DM2 have a 
higher risk of fragility fracture, including a 40 percent to 70 
percent increased fracture risk at the hip.6-7 Taken together, this 
implies a burgeoning epidemic of diabetes and fragility 
fractures, especially in Asian countries such as Singapore.

DM2 and Bone Metabolism

Patients with DM2 typically have lower bone turnover, and the 
accumulation of advanced glycation end-products (AGEs) in 
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1.2 Impact of DM2 medications on fracture risk16

Although lifestyle intervention is the cornerstone of 
management for patients with DM2, most patients eventually 
require pharmacological therapy. Many agents are available 
with di�erential e�ects on bone metabolism. Metformin, 
sulfonylurea, thiazolidinediones (TZDs), dipeptidyl peptidase 4 
inhibitors (DPP-4i), glucagon-like peptide 1 receptor agonists 
(GLP-1RA), sodium-glucose co-transporter 2 (SGLT2) 
inhibitor and insulin are the most commonly used medications. 
Table 1 depicts a summary of the e�ects of these DM2 
medications on BMD and fracture risks. Furthermore, bariatric 
surgery is now included in the therapeutic armamentarium for 
DM2. 

Metformin

Metformin primarily decreases hepatic glucose production by 
inhibiting key enzymes for gluconeogenesis and enhances 
peripheral insulin sensitivity. Experimental studies have 
indicated bene�cial e�ects on bone formation, whereas large 
clinical studies resulted in neutral or positive e�ects on BMD 
and fracture risk in di�erent and various large patient cohorts.17 

�ere is no current evidence from randomised controlled trials. 
However, these observational data strongly suggest a protective 
role of metformin on bone health.18-20 

Sulfonylureas (SU)

SU are SU receptor-1 agonists, which initiate inhibition of the 
adenosine triphosphate sensitive K+ channel and results in the 
depolarization of cell membrane, leading to increased 
endogenous insulin secretion. With the exception of the 
Osteoporotic Fractures in Men (MrOS) study17, which suggests 
that SU increase fracture risk in old men with DM2, the rest of 
the studies are indicative of a bene�cial or at least neutral e�ect 
on fracture risk.21-23 Furthermore, the e�ect of SU on bone 
metabolism and BMD seem to be neutral as well. However, the 
high risk of hypoglycaemia may increase the number of falls and 
fractures, and this should be taken into account when selecting 
therapy for these patients. 

Thiazolidinediones (TZDs)

TZDs are peroxisome proliferator-activated receptor Υ agonists 
that modulate gene expression, resulting in improved glucose 
uptake, beta-cell function and insulin sensitivity. Studies have 
shown that TZDs may potentially reduce bone density and 
increase fractures risks compared with other antidiabetic 
medications.21 �is e�ect has now been con�rmed in 
randomised studies and meta analyses.24-26 �is risk was similar 
with pioglitazone and rosiglitazone, did not vary with age and 
was associated with reductions in BMD.28 �e risk was also 
reported to be higher in women and those above 65 years old28 
with a reduction in risk following discontinuation of the 
TZD.29 A key part of the TZD action is the activation of 
adipogenesis, for which peroxisome proliferator-activated 
receptor Υ is required. Adipocytes and osteoblasts are both 
derived from mesenchymal, and activation of adipogenesis is 
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known to be associated with suppression of regulators of bone 
di�erentiation.30 �us, the e�ects of TZDs on bone are closely 
linked to their metabolic e�ects, and it should be avoided in 
women who are at increased fracture risk.

Dipeptidyl peptidase -4 inhibitor (DPP-4i)

DPP-4i are oral antidiabetic medications that inhibit the 
enzyme DPP-4, and its inhibition would potentially a�ect 
glucose regulation through multiple e�ects. �e SAVOR-TIMI 
trial found no e�ect of saxagliptin on fracture risk31 and a 
meta-analysis of various medications in this category found a 
protective e�ect on fracture prevention.32 However, a recent 
post hoc analysis of 20 randomised clinical trials (RCTs) found 
a slightly higher incidence of fractures with saxagliptin as 
compared to the control group.33 �e TECOS trial with 
sitagliptin found a neutral e�ect on fractures.34 �us, taken 
together, there are more data supportive of a more neutral e�ect 
of this class of drugs on fractures. Further studies are needed to 
con�rm any possible bene�cial e�ect on bone protection.

Glucagon-like peptide-1 receptor agonist (GLP1 RA)

GLP1 RA potentiates glucose induced insulin secretion and 
inhibits glucagon release. �ey also delay gastric emptying, 
reduce appetite and induces signi�cant weight loss. A 
meta-analysis of clinical trials found no e�ect of treatment on 
fractures as serious adverse events36, although a meta-analysis 
found a protective e�ect of liraglutide and a negative e�ect of 
exenatide.37 However, none of the studies included was 
powered for bone outcomes. �us, these results should be 
interpreted with caution. 

Sodium-Glucose Transport Protein 2-Inhibitors 
(SGLT2-i)

SGLT2i inhibits the sodium-glucose cotransporters, resulting 
in loss of glucose through urine and reduction in glucose 
concentrations. Several agents are available in this class, of 
which canagli�ozin has been demonstrated to potentially exert 
negative e�ects on bone density, bone resorption and fracture 
risk at the hip.37-38 �is increased fracture risk was seen more 
commonly in those who were older, with a past history of 
cardiovascular diseases, lower baseline glomerular �ltration rate 
and higher baseline diuretic use and may be mediated by 
increased falls. �is has now resulted in the revision of the 
labelling of this drug and addition of new warning by the U.S. 
Food and Drug Administration in September 2015. 
Empagli�ozin and dapagli�ozin have not been shown to exert 
signi�cant changes in BMD, bone markers, or fracture risk and 
are thought to have a neutral e�ect on bone.39-40 Further studies 
are needed to elucidate the long-term safety and mechanism of 
bone loss in this new class of drug.

Insulin

�ere are no speci�c RCT designed to investigate the e�ects of 
insulin on bone health. However, it has been consistently 
shown that patients who are treated with insulin in general 

 

present with an increased prevalence of fracture. Higher fracture 
risks are also associated with longer duration of diabetes, 
presence of more DM complications, increased risk of falls, and 
increased incidence of hypoglycaemia.

Bariatric surgery

Bariatric surgery is now a well-established therapeutic option in 
DM2 patients with BMI > 35 (Asian 32.5) kg/m2. �is has been 
recognised as the most e�ective way to sustain weight loss and 
improve glycaemic control requiring fewer medications. 
However, studies have shown that fracture risk seems to be 
increased between one to two years after surgery and is more 
associated with biliopancreatic diversions and Roux-en-Y gastric 
bypass. It is unclear whether sleeve gastrectomy is safe for 
skeletal health as it is a new procedure, and its skeletal e�ects 
have not been well de�ned.41

2. Fracture risk assessment in DM2 patients

2.1 Dual-energy X-ray absorptiometry (DXA) 
scans limitations and pitfalls

DM2 patients, despite their higher fracture risks, are known to 
have a �ve to ten percent higher areal BMD compared to 
non-DM2 subjects.42-43 �e increase in BMD was more 
pronounced in younger men, presence of higher BMI and 
higher HbA1C. However, these meta-analyses had substantial 
heterogeneity in the study designs and de�nitions of DM2.43 

�is relatively higher BMD in those with DM2 implies that an 
even lower proportion of subjects with a fracture will have a 
BMD T score < -2.5 ( i.e. in the osteoporotic range) than 
among the non-DM2 population.44 Studies have shown that for 
a given BMD T score, the fracture risk was higher in DM2 
patients compared to those without DM2. Moreover, a T-score 
in a woman with DM2 is associated with hip fracture risk is 
equivalent to a woman without DM2 with a T score of 
approximately 0.5 units lower. Nevertheless, data have clearly 
con�rmed that while BMD systemically underestimates fracture 
risk, it still strati�ed fracture risk in elderly patients with 
DM2.45

Some studies suggest that DM2 may be associated with a more 
rapid bone loss which may result in increased fracture risks.46-47  
Trabecular Bone Score (TBS) is a grey–level textural metric that 
is obtained from lumbar spine dual-energy X-ray 
absorptiometry (DXA) images. Decreased TBS has been found 
to be associated with an elevated risk for osteoporotic fractures 
independent of BMD in cohort studies. �ese results were 
con�rmed by a recent meta-analysis of prospective cohort data48 
and adopted as evidence in position papers.49-50 However, 
studies in di�erent ethnic groups have shown variable results, 
particularly with respect to each gender.51-52 Recent analyses 
indicate that TBS evaluated on DXA scans is inversely related to 
BMI and abdominal fat53, whether TBS represents alterations of 
bone structure in diabetes, therefore, remains unknown.

2.2 Other measures of bone quality

Since reduced BMD alone does not fully explain increased in 
fracture risk and bone fragility in DM2 patients, there are 
ongoing studies looking into other techniques in measuring 
bone quality. �ese include HR-pQCT (Xtreme CT) at the 
distal radius and/or tibia, and studies in postmenopausal 
women with DM2 showed a trend toward greater cortical 
porosity compared to controls.54 Trabecular bone volume is 
more heterogeneous and is preserved in patients with DM2. 
Further studies have also shown that DM2 patients with 
microvascular disease demonstrated cortical de�cits on 
HR-pQCT. Higher cortical porosity in mid cortical and 
periosteal layers in DM2 patients with prior fracture compared 
to DM2 patients without history of fractures suggests that these 
cortical sub-compartments may be sensitive to DM2 induced 
toxicity and may re�ect microvascular disease.14, 55

Other measurements of bone strength, such as micro�nite 
element analysis and microindentation of the tibia outer cortex 
have shown lower results compared to control.56-57 However, 
these methods of measurement of bone strength are yet to be 
made accessible outside the research context.

3. Anti-Osteoporosis treatments in DM2 patients

No randomised clinical trials have directly evaluated the 
anti-fracture e�cacy of osteoporosis treatment in diabetic 
patients. �e clinical evidence regarding the e�cacy of 
anti-osteoporosis treatments in diabetic patients is provided by 
post hoc analyses in subgroups from randomised clinical trials 
enrolling osteoporosis patients and from a few observational 
studies.

In the Fracture Intervention Trial (FIT), postmenopausal 
women including DM2 patients with femoral T score < -1.6 
were randomly treated with alendronate or placebo for three 
years. In a post hoc analysis, it was reported that DM2 status 
did not alter the e�ect of alendronate on BMD gain versus 
placebo.58 Data extracted from the Danish national prescription 
registry reported that DM2 with or without complications did 
not in�uence fracture risk in patients who adhered to 
alendronate.59 In osteoporotic Japanese women with DM2, 
risedronate treatment showed similar responses in BMD of LS 
Spine and bone markers between DM2 and non-DM2 
patients.60 

Data are not available currently speci�cally evaluations DM2 
patients in their response to IV bisphosphonates and 
denosumab. Anti-fracture e�cacy of raloxifene was similar 
between patients with and without DM2 in the RUTH 
(Raloxifene Use for �e Heart) trial61 and in a Danish cohort. 
Teriparatide treatment had a similar e�ect in DM2 versus 
non-DM2 patients on vertebral and hip BMD.62 However, its 
e�ects speci�cally on bone strength and fracture risk remain to 
be speci�cally evaluated.

New and future osteoporosis medications

Abaloparatide may have potential in the treatment of bone 
fragility in DM2 as it can stimulate bone formation with a lesser 
increase in bone resorption. Romosozumab, an anti-sclerostin 
antibody, is currently under investigation as a new anabolic 
treatment and has been shown to enhance bone mass and 
strength in animal diabetic models.63 Whether this would 
translate to better bone health in DM2 patient remains to be 
seen. Recent signals of increased cardiovascular risk are of 
potential concerns, especially in DM2 patients.64 Further 
prospective studies are needed to understand this better. 

4. Management of bone fragility in DM2 patients

Figure 1 shows a suggested algorithm for diagnosing 
osteoporosis and initiation of treatment in DM2 patients. �e 
criteria are based on the presence of fragility fracture and/or a 
low BMD.65 

BMD intervention threshold of T < -2.0 have been adopted in 
this algorithm to allow for the paradoxically elevated BMD 
results in DM2 patients. However, this suggested adjustment 
and cut-o� have not been validated in the Asian and middle 
eastern population. 

FRAX computation in DM2 patient has also been suggested to 
be adjusted to take into account DM2 as a risk factor for 
fractures. Conventional clinical risk factors can be employed to 
identify DM2 patients at increased fracture risk. However, it is 
worth noting that FRAX does not fully capture the risk of 
osteoporotic fractures in DM2 patients and systematically 
underestimates fracture risk. Hence for a given FRAX score, 
fracture risk of a DM2 patient is in fact higher compared to a 
non-DM2 patient. FRAX adjustments have been proposed as 
follows, and either of these options may be adopted:44, 66

- Substitute Rheumatoid Arthritis as type 2 DM in FRAX
- Reducing the T score by 0.5 deviations
- Adding ten years into the age

4.1 General measures 

Lifestyle intervention 

Lifestyle intervention is always recommended in patients with 
DM2 and is the basis of any clinical guidelines. However, 
weight loss is associated with both muscle and bone loss that 
may increase the risk of bone fragility and sarcopenia.67 �us, 
adequate protein intake and weight-bearing exercises are 
important to prevent sarcopenia and sarcopenic-obesity68. 
Physical activity helps to prevent bone loss during weight loss 
program and is associated with decreased sclerostin and 
improvement in quality of life.69 Other lifestyle measures such 
as avoidance of smoking and limiting alcohol intake (less than 
three units per day) are also essential. 

Lower levels of 25-hydroxy-vitamin D levels have also been 
associated with DM2 as well, mostly in the obese and 

insulin-resistant states. Although the bene�ts of vitamin D 
supplementation on bone have not been demonstrated in 
diabetics, by analogy with the non-DM2 patient, a daily 
vitamin D intake of 800 IU/d may be recommended. 
Progressive higher doses of vitamin D may be required to 
achieve optimal serum levels of vitamin D. An adequate calcium 
intake (preferably from diet,100 mg/day) is recommended as 
well.

Glycaemic control

Good glycaemic control and prevention of chronic 
hyperglycaemia are important in reducing advanced glycation 
end products (AGEs), glycation of collagen and microvascular 
complications which are important in the maintenance of 
skeletal health. Glycaemic targets should be individualised, 
balancing the demonstrated bene�ts of prevention of 
microvascular complications and risk of hypoglycaemia. 
Antidiabetic treatments such as thiazolidinediones should be 
avoided in DM2 patients with osteoporosis and risk of fragility 
fractures. Canagli�ozin, although not necessarily all SGLT2i, 
should be avoided in these patients as well. 

4.2 Pharmacologic therapy

In addition to lifestyle measures, patients at high risk of 
fractures should receive pharmacological therapy. At the current 
time and in the absence of strong evidence against, 
bisphosphonates remain the �rst choice for osteoporosis 
treatment in DM2 patients. Although there are no speci�c data 
on DM2 patients on the e�cacy of denosumab, this may be a 
preferred treatment option, especially in patients who have 
renal impairment or are unable to tolerate bisphosphonates. 
However, the use and potential bene�t of anti-resorptive drugs 
in patients with DM2 who are characterised by near normal 
BMD and/or low bone turnover markers whose bone fragility 
may mostly result from poor bone material properties remains 
unproven and needs further studies. In this context, anabolic 
agents such as teriparatide, abaloparatide or romosozumab 
present a potential interest. Table 2 depicts a summary of the 
e�ect of anti-osteoporosis medications on BMD and fracture 
risks in DM2 patients. 

CONCLUSION

�e pathophysiology of fragility fractures in DM2 patients is 
complex and multifactorial. Longitudinal studies have 
established the limitation of current tools such as BMD and 
FRAX in estimating fracture risks. �e optimal management of 
fragility fractures in DM2 patients has yet to be established in 
long term prospective studies. �e current consensus is based on 
expert opinions and working group, which may change as the 
data evolves in this area. Good glycaemic control, lifestyle 
intervention and exercise remain important cornerstone of 
osteoporosis treatment in DM2 patients. Anti-osteoporosis 
treatments should be started in DM2 patients with a history of 
fragility fracture or at risk of fragility fractures. Future studies 
and new trials will further evaluate and prospectively investigate 
the e�cacy and safety of osteoporosis treatment in DM2 

patients. 
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collagen is thought to contribute to lower bone formation. 
Together with low bone turnover, reduction in unmineralized 
matrix, and increased collagen glycation may contribute to 
increased fragility of diabetic bone.8 Recent studies have also 
shown that AGEs accumulation with altered mineral maturity 
a�ects the quality of bone independent of bone volume 
fraction, which may explain the epidemiological evidence that 
in DM2 patients who despite paradoxically having higher 
quantity of bone have higher risk of fragility fracture.9 In 
histomorphometric and biochemical studies of diabetes 
patients, bone turnover is low with a reduction in both bone 
formation and, to a lesser degree bone resorption.10 Bone 
turnover may also be a�ected by late stages of DM2 
complications such as renal failure associated adynamic bone 
disease. 

1. Diabetes-related risk factors for fragility 
fractures

�e mechanism for increased fragility fractures in DM2 is 
complex, but it is likely multifactorial and can be divided into 
factors related to glycaemic control, anti-diabetic medications 
and disease complications. 

1.1 DM2 Glycaemic control and complications

Chronic hyperglycaemia exposes excess glucose to the free 
amino acids in circulation or tissue proteins. �is 
non-enzymatic process initially forms reversible early glycation 
products and later, irreversible advanced glycation end products 
(AGEs). �e accumulation of AGEs in bone matrix as a result of 
hyperglycaemia alters collagen structure, impacts osteoblasts 
and osteoclasts function, increases bone marrow adiposity, 
release in�ammatory cytokines, and alters osteocyte number 
and function, all of which contribute to reducing bone 
quality.11-12 AGEs also contribute to the development of 
microvascular complications. 

Microvascular complications may a�ect the bone 
microvasculature with shifts in production to adipocytes and 
away from osteoblasts, resulting in an increase in bone marrow 
adiposity. Some studies have demonstrated an association of 
bone marrow adiposity with fractures and glycated 
haemoglobin (A1C) level or fractures.13 DM2 patients with 
microvascular complications have been shown in studies to have 
cortical bone de�cits.14 

In addition, microvascular complications such as sensory 
neuropathy and retinopathy with visual impairment increase 
the risk of falling. Older diabetic women have also been 
reported to have an increased risk of falling.15
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INTRODUCTION

Epidemiology - DM2 and fragility fractures

Diabetes and fragility fractures are both major global health 
challenges. �e global prevalence of diabetes among adults over 
18 years has risen from 4.7 percent in 1980 to 8.5 percent in 
2014.1  Worldwide, one in three women, as well as one in �ve 
men over the age of 50 years old, will experience osteoporotic 
fractures.2 Asians, especially South Asians, are predisposed 
toward DM2 to a greater extent than Caucasians.3 Singapore 
has a prevalence of DM2 at 10.5 percent which is higher than 
the world average of 8.8 percent, with estimates of prevalence 
rising to 15 percent in 2050.4  It is also projected that more 
than 50 percent of all fragility fractures will occur in Asia by the 
year 2050.5 Studies have shown that patients with DM2 have a 
higher risk of fragility fracture, including a 40 percent to 70 
percent increased fracture risk at the hip.6-7 Taken together, this 
implies a burgeoning epidemic of diabetes and fragility 
fractures, especially in Asian countries such as Singapore.

DM2 and Bone Metabolism

Patients with DM2 typically have lower bone turnover, and the 
accumulation of advanced glycation end-products (AGEs) in 
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1.2 Impact of DM2 medications on fracture risk16

Although lifestyle intervention is the cornerstone of 
management for patients with DM2, most patients eventually 
require pharmacological therapy. Many agents are available 
with di�erential e�ects on bone metabolism. Metformin, 
sulfonylurea, thiazolidinediones (TZDs), dipeptidyl peptidase 4 
inhibitors (DPP-4i), glucagon-like peptide 1 receptor agonists 
(GLP-1RA), sodium-glucose co-transporter 2 (SGLT2) 
inhibitor and insulin are the most commonly used medications. 
Table 1 depicts a summary of the e�ects of these DM2 
medications on BMD and fracture risks. Furthermore, bariatric 
surgery is now included in the therapeutic armamentarium for 
DM2. 

Metformin

Metformin primarily decreases hepatic glucose production by 
inhibiting key enzymes for gluconeogenesis and enhances 
peripheral insulin sensitivity. Experimental studies have 
indicated bene�cial e�ects on bone formation, whereas large 
clinical studies resulted in neutral or positive e�ects on BMD 
and fracture risk in di�erent and various large patient cohorts.17 

�ere is no current evidence from randomised controlled trials. 
However, these observational data strongly suggest a protective 
role of metformin on bone health.18-20 

Sulfonylureas (SU)

SU are SU receptor-1 agonists, which initiate inhibition of the 
adenosine triphosphate sensitive K+ channel and results in the 
depolarization of cell membrane, leading to increased 
endogenous insulin secretion. With the exception of the 
Osteoporotic Fractures in Men (MrOS) study17, which suggests 
that SU increase fracture risk in old men with DM2, the rest of 
the studies are indicative of a bene�cial or at least neutral e�ect 
on fracture risk.21-23 Furthermore, the e�ect of SU on bone 
metabolism and BMD seem to be neutral as well. However, the 
high risk of hypoglycaemia may increase the number of falls and 
fractures, and this should be taken into account when selecting 
therapy for these patients. 

Thiazolidinediones (TZDs)

TZDs are peroxisome proliferator-activated receptor Υ agonists 
that modulate gene expression, resulting in improved glucose 
uptake, beta-cell function and insulin sensitivity. Studies have 
shown that TZDs may potentially reduce bone density and 
increase fractures risks compared with other antidiabetic 
medications.21 �is e�ect has now been con�rmed in 
randomised studies and meta analyses.24-26 �is risk was similar 
with pioglitazone and rosiglitazone, did not vary with age and 
was associated with reductions in BMD.28 �e risk was also 
reported to be higher in women and those above 65 years old28 
with a reduction in risk following discontinuation of the 
TZD.29 A key part of the TZD action is the activation of 
adipogenesis, for which peroxisome proliferator-activated 
receptor Υ is required. Adipocytes and osteoblasts are both 
derived from mesenchymal, and activation of adipogenesis is 

MANAGEMENT OF BONE FRAGILITY IN A PATIENT WITH TYPE 2 DIABETES MELLITUS

known to be associated with suppression of regulators of bone 
di�erentiation.30 �us, the e�ects of TZDs on bone are closely 
linked to their metabolic e�ects, and it should be avoided in 
women who are at increased fracture risk.

Dipeptidyl peptidase -4 inhibitor (DPP-4i)

DPP-4i are oral antidiabetic medications that inhibit the 
enzyme DPP-4, and its inhibition would potentially a�ect 
glucose regulation through multiple e�ects. �e SAVOR-TIMI 
trial found no e�ect of saxagliptin on fracture risk31 and a 
meta-analysis of various medications in this category found a 
protective e�ect on fracture prevention.32 However, a recent 
post hoc analysis of 20 randomised clinical trials (RCTs) found 
a slightly higher incidence of fractures with saxagliptin as 
compared to the control group.33 �e TECOS trial with 
sitagliptin found a neutral e�ect on fractures.34 �us, taken 
together, there are more data supportive of a more neutral e�ect 
of this class of drugs on fractures. Further studies are needed to 
con�rm any possible bene�cial e�ect on bone protection.

Glucagon-like peptide-1 receptor agonist (GLP1 RA)

GLP1 RA potentiates glucose induced insulin secretion and 
inhibits glucagon release. �ey also delay gastric emptying, 
reduce appetite and induces signi�cant weight loss. A 
meta-analysis of clinical trials found no e�ect of treatment on 
fractures as serious adverse events36, although a meta-analysis 
found a protective e�ect of liraglutide and a negative e�ect of 
exenatide.37 However, none of the studies included was 
powered for bone outcomes. �us, these results should be 
interpreted with caution. 

Sodium-Glucose Transport Protein 2-Inhibitors 
(SGLT2-i)

SGLT2i inhibits the sodium-glucose cotransporters, resulting 
in loss of glucose through urine and reduction in glucose 
concentrations. Several agents are available in this class, of 
which canagli�ozin has been demonstrated to potentially exert 
negative e�ects on bone density, bone resorption and fracture 
risk at the hip.37-38 �is increased fracture risk was seen more 
commonly in those who were older, with a past history of 
cardiovascular diseases, lower baseline glomerular �ltration rate 
and higher baseline diuretic use and may be mediated by 
increased falls. �is has now resulted in the revision of the 
labelling of this drug and addition of new warning by the U.S. 
Food and Drug Administration in September 2015. 
Empagli�ozin and dapagli�ozin have not been shown to exert 
signi�cant changes in BMD, bone markers, or fracture risk and 
are thought to have a neutral e�ect on bone.39-40 Further studies 
are needed to elucidate the long-term safety and mechanism of 
bone loss in this new class of drug.

Insulin

�ere are no speci�c RCT designed to investigate the e�ects of 
insulin on bone health. However, it has been consistently 
shown that patients who are treated with insulin in general 

present with an increased prevalence of fracture. Higher fracture 
risks are also associated with longer duration of diabetes, 
presence of more DM complications, increased risk of falls, and 
increased incidence of hypoglycaemia.

Bariatric surgery

Bariatric surgery is now a well-established therapeutic option in 
DM2 patients with BMI > 35 (Asian 32.5) kg/m2. �is has been 
recognised as the most e�ective way to sustain weight loss and 
improve glycaemic control requiring fewer medications. 
However, studies have shown that fracture risk seems to be 
increased between one to two years after surgery and is more 
associated with biliopancreatic diversions and Roux-en-Y gastric 
bypass. It is unclear whether sleeve gastrectomy is safe for 
skeletal health as it is a new procedure, and its skeletal e�ects 
have not been well de�ned.41

2. Fracture risk assessment in DM2 patients

2.1 Dual-energy X-ray absorptiometry (DXA) 
scans limitations and pitfalls

DM2 patients, despite their higher fracture risks, are known to 
have a �ve to ten percent higher areal BMD compared to 
non-DM2 subjects.42-43 �e increase in BMD was more 
pronounced in younger men, presence of higher BMI and 
higher HbA1C. However, these meta-analyses had substantial 
heterogeneity in the study designs and de�nitions of DM2.43 

�is relatively higher BMD in those with DM2 implies that an 
even lower proportion of subjects with a fracture will have a 
BMD T score < -2.5 ( i.e. in the osteoporotic range) than 
among the non-DM2 population.44 Studies have shown that for 
a given BMD T score, the fracture risk was higher in DM2 
patients compared to those without DM2. Moreover, a T-score 
in a woman with DM2 is associated with hip fracture risk is 
equivalent to a woman without DM2 with a T score of 
approximately 0.5 units lower. Nevertheless, data have clearly 
con�rmed that while BMD systemically underestimates fracture 
risk, it still strati�ed fracture risk in elderly patients with 
DM2.45

Some studies suggest that DM2 may be associated with a more 
rapid bone loss which may result in increased fracture risks.46-47  
Trabecular Bone Score (TBS) is a grey–level textural metric that 
is obtained from lumbar spine dual-energy X-ray 
absorptiometry (DXA) images. Decreased TBS has been found 
to be associated with an elevated risk for osteoporotic fractures 
independent of BMD in cohort studies. �ese results were 
con�rmed by a recent meta-analysis of prospective cohort data48 
and adopted as evidence in position papers.49-50 However, 
studies in di�erent ethnic groups have shown variable results, 
particularly with respect to each gender.51-52 Recent analyses 
indicate that TBS evaluated on DXA scans is inversely related to 
BMI and abdominal fat53, whether TBS represents alterations of 
bone structure in diabetes, therefore, remains unknown.

2.2 Other measures of bone quality

Since reduced BMD alone does not fully explain increased in 
fracture risk and bone fragility in DM2 patients, there are 
ongoing studies looking into other techniques in measuring 
bone quality. �ese include HR-pQCT (Xtreme CT) at the 
distal radius and/or tibia, and studies in postmenopausal 
women with DM2 showed a trend toward greater cortical 
porosity compared to controls.54 Trabecular bone volume is 
more heterogeneous and is preserved in patients with DM2. 
Further studies have also shown that DM2 patients with 
microvascular disease demonstrated cortical de�cits on 
HR-pQCT. Higher cortical porosity in mid cortical and 
periosteal layers in DM2 patients with prior fracture compared 
to DM2 patients without history of fractures suggests that these 
cortical sub-compartments may be sensitive to DM2 induced 
toxicity and may re�ect microvascular disease.14, 55

Other measurements of bone strength, such as micro�nite 
element analysis and microindentation of the tibia outer cortex 
have shown lower results compared to control.56-57 However, 
these methods of measurement of bone strength are yet to be 
made accessible outside the research context.

3. Anti-Osteoporosis treatments in DM2 patients

No randomised clinical trials have directly evaluated the 
anti-fracture e�cacy of osteoporosis treatment in diabetic 
patients. �e clinical evidence regarding the e�cacy of 
anti-osteoporosis treatments in diabetic patients is provided by 
post hoc analyses in subgroups from randomised clinical trials 
enrolling osteoporosis patients and from a few observational 
studies.

In the Fracture Intervention Trial (FIT), postmenopausal 
women including DM2 patients with femoral T score < -1.6 
were randomly treated with alendronate or placebo for three 
years. In a post hoc analysis, it was reported that DM2 status 
did not alter the e�ect of alendronate on BMD gain versus 
placebo.58 Data extracted from the Danish national prescription 
registry reported that DM2 with or without complications did 
not in�uence fracture risk in patients who adhered to 
alendronate.59 In osteoporotic Japanese women with DM2, 
risedronate treatment showed similar responses in BMD of LS 
Spine and bone markers between DM2 and non-DM2 
patients.60 

Data are not available currently speci�cally evaluations DM2 
patients in their response to IV bisphosphonates and 
denosumab. Anti-fracture e�cacy of raloxifene was similar 
between patients with and without DM2 in the RUTH 
(Raloxifene Use for �e Heart) trial61 and in a Danish cohort. 
Teriparatide treatment had a similar e�ect in DM2 versus 
non-DM2 patients on vertebral and hip BMD.62 However, its 
e�ects speci�cally on bone strength and fracture risk remain to 
be speci�cally evaluated.

New and future osteoporosis medications

Abaloparatide may have potential in the treatment of bone 
fragility in DM2 as it can stimulate bone formation with a lesser 
increase in bone resorption. Romosozumab, an anti-sclerostin 
antibody, is currently under investigation as a new anabolic 
treatment and has been shown to enhance bone mass and 
strength in animal diabetic models.63 Whether this would 
translate to better bone health in DM2 patient remains to be 
seen. Recent signals of increased cardiovascular risk are of 
potential concerns, especially in DM2 patients.64 Further 
prospective studies are needed to understand this better. 

4. Management of bone fragility in DM2 patients

Figure 1 shows a suggested algorithm for diagnosing 
osteoporosis and initiation of treatment in DM2 patients. �e 
criteria are based on the presence of fragility fracture and/or a 
low BMD.65 

BMD intervention threshold of T < -2.0 have been adopted in 
this algorithm to allow for the paradoxically elevated BMD 
results in DM2 patients. However, this suggested adjustment 
and cut-o� have not been validated in the Asian and middle 
eastern population. 

FRAX computation in DM2 patient has also been suggested to 
be adjusted to take into account DM2 as a risk factor for 
fractures. Conventional clinical risk factors can be employed to 
identify DM2 patients at increased fracture risk. However, it is 
worth noting that FRAX does not fully capture the risk of 
osteoporotic fractures in DM2 patients and systematically 
underestimates fracture risk. Hence for a given FRAX score, 
fracture risk of a DM2 patient is in fact higher compared to a 
non-DM2 patient. FRAX adjustments have been proposed as 
follows, and either of these options may be adopted:44, 66

- Substitute Rheumatoid Arthritis as type 2 DM in FRAX
- Reducing the T score by 0.5 deviations
- Adding ten years into the age

4.1 General measures 

Lifestyle intervention 

Lifestyle intervention is always recommended in patients with 
DM2 and is the basis of any clinical guidelines. However, 
weight loss is associated with both muscle and bone loss that 
may increase the risk of bone fragility and sarcopenia.67 �us, 
adequate protein intake and weight-bearing exercises are 
important to prevent sarcopenia and sarcopenic-obesity68. 
Physical activity helps to prevent bone loss during weight loss 
program and is associated with decreased sclerostin and 
improvement in quality of life.69 Other lifestyle measures such 
as avoidance of smoking and limiting alcohol intake (less than 
three units per day) are also essential. 

Lower levels of 25-hydroxy-vitamin D levels have also been 
associated with DM2 as well, mostly in the obese and 

insulin-resistant states. Although the bene�ts of vitamin D 
supplementation on bone have not been demonstrated in 
diabetics, by analogy with the non-DM2 patient, a daily 
vitamin D intake of 800 IU/d may be recommended. 
Progressive higher doses of vitamin D may be required to 
achieve optimal serum levels of vitamin D. An adequate calcium 
intake (preferably from diet,100 mg/day) is recommended as 
well.

Glycaemic control

Good glycaemic control and prevention of chronic 
hyperglycaemia are important in reducing advanced glycation 
end products (AGEs), glycation of collagen and microvascular 
complications which are important in the maintenance of 
skeletal health. Glycaemic targets should be individualised, 
balancing the demonstrated bene�ts of prevention of 
microvascular complications and risk of hypoglycaemia. 
Antidiabetic treatments such as thiazolidinediones should be 
avoided in DM2 patients with osteoporosis and risk of fragility 
fractures. Canagli�ozin, although not necessarily all SGLT2i, 
should be avoided in these patients as well. 

4.2 Pharmacologic therapy

In addition to lifestyle measures, patients at high risk of 
fractures should receive pharmacological therapy. At the current 
time and in the absence of strong evidence against, 
bisphosphonates remain the �rst choice for osteoporosis 
treatment in DM2 patients. Although there are no speci�c data 
on DM2 patients on the e�cacy of denosumab, this may be a 
preferred treatment option, especially in patients who have 
renal impairment or are unable to tolerate bisphosphonates. 
However, the use and potential bene�t of anti-resorptive drugs 
in patients with DM2 who are characterised by near normal 
BMD and/or low bone turnover markers whose bone fragility 
may mostly result from poor bone material properties remains 
unproven and needs further studies. In this context, anabolic 
agents such as teriparatide, abaloparatide or romosozumab 
present a potential interest. Table 2 depicts a summary of the 
e�ect of anti-osteoporosis medications on BMD and fracture 
risks in DM2 patients. 

CONCLUSION

�e pathophysiology of fragility fractures in DM2 patients is 
complex and multifactorial. Longitudinal studies have 
established the limitation of current tools such as BMD and 
FRAX in estimating fracture risks. �e optimal management of 
fragility fractures in DM2 patients has yet to be established in 
long term prospective studies. �e current consensus is based on 
expert opinions and working group, which may change as the 
data evolves in this area. Good glycaemic control, lifestyle 
intervention and exercise remain important cornerstone of 
osteoporosis treatment in DM2 patients. Anti-osteoporosis 
treatments should be started in DM2 patients with a history of 
fragility fracture or at risk of fragility fractures. Future studies 
and new trials will further evaluate and prospectively investigate 
the e�cacy and safety of osteoporosis treatment in DM2 

patients. 

REFERENCES 
1. Emerging Risk Factors Collaboration. Diabetes mellitus, fasting blood 
glucose concentration, and risk of vascular disease: a collaborative 
meta-analysis of 102 prospective studies. The Lancet. 2010 Jun 
26;375(9733):2215-22.
2. Lindsay R, Christiansen C, Einhorn TA, Hart DM, Ljunghall S, Mautalen 
CA, Meunier PJ, Morii H, Mundy GR, Rapado A, Stevenson J. Who are 
candidates for prevention and treatment for osteoporosis?. Osteoporo-
sis International. 1997 Jan 1;7(1):1-6.
3. Chan JC, Malik V, Jia W, Kadowaki T, Yajnik CS, Yoon KH, Hu FB. 
Diabetes in Asia: epidemiology, risk factors, and pathophysiology. Jama. 
2009 May 27;301(20):2129-40.
4. Phan TP, Alkema L, Tai ES, Tan KH, Yang Q, Lim WY, Teo YY, Cheng 
CY, Wang X, Wong TY, Chia KS. Forecasting the burden of type 2 
diabetes in Singapore using a demographic epidemiological model of 
Singapore. BMJ Open Diabetes Research and Care. 2014 Jun 
1;2(1):e000012.
5. Cooper C, Campion G, Melton L3. Hip fractures in the elderly: a 
world-wide projection. Osteoporosis international. 1992 Nov 
1;2(6):285-9.
6. Janghorbani M, Van Dam RM, Willett WC, Hu FB. Systematic review 
of type 1 and type 2 diabetes mellitus and risk of fracture. American 
journal of epidemiology. 2007 Jun 16;166(5):495-505.
7. Janghorbani M, Feskanich D, Willett WC, Hu F. Prospective study of 
diabetes and risk of hip fracture: the Nurses’ Health Study. Diabetes 
care. 2006 Jul 1;29(7):1573-8.
8. Gilbert MP, Pratley RE. The impact of diabetes and diabetes medica-
tions on bone health. Endocrine reviews. 2015 Mar 4;36(2):194-213.
9. Hunt HB, Torres AM, Palomino PM, Marty E, Saiyed R, Cohn M, Jo J, 
Warner S, Sroga GE, King KB, Lane JM. Altered tissue composition, 
microarchitecture, and mechanical performance in cancellous bone from 
men with type 2 diabetes mellitus. Journal of Bone and Mineral Research. 
2019 Mar 13.
10. 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. European journal of 
endocrinology. 2017 Mar 1;176(3):R137-57.
11. Napoli N, Chandran M, Pierroz DD, Abrahamsen B, Schwartz AV, 
Ferrari SL. Mechanisms of diabetes mellitus-induced bone fragility. 
Nature Reviews Endocrinology. 2017 Apr;13(4):208.
12. Picke AK, Campbell G, Napoli N, Hofbauer LC, Rauner M. Update 
on the impact of type 2 diabetes mellitus on bone metabolism and 
material properties. Endocrine connections. 2019 Mar 1;8(3):R55-70.
14. Patsch JM, Li X, Baum T, Yap SP, Karampinos DC, Schwartz AV, Link 
TM. Bone marrow fat composition as a novel imaging biomarker in 
postmenopausal women with prevalent fragility fractures. Journal of bone 
and mineral research. 2013 Aug;28(8):1721-8.
15. Shanbhogue VV, Hansen S, Frost M, Jørgensen NR, Hermann AP, 
Henriksen JE, Brixen K. Compromised cortical bone compartment in 
type 2 diabetes mellitus patients with microvascular disease. European 
journal of endocrinology. 2016 Feb 1;174(2):115-24.
16. Schwartz AV, Hillier TA, Sellmeyer DE, Resnick HE, Gregg E, Ensrud 
KE, Schreiner PJ, Margolis KL, Cauley JA, Nevitt MC, Black DM. Older 
women with diabetes have a higher risk of falls: a prospective study. 
Diabetes care. 2002 Oct 1;25(10):1749-54.
17. Paschou SΑ, Dede AD, Anagnostis PG, Vryonidou A, Morganstein D, 
Goulis DG. Type 2 diabetes and osteoporosis: a guide to optimal 
management. The Journal of Clinical Endocrinology & Metabolism. 2017 
Jun 21;102(10):3621-34.
18. Napoli N, Strotmeyer ES, Ensrud KE, Sellmeyer DE, Bauer DC, 
Hoffman AR, Dam TT, Barrett-Connor E, Palermo L, Orwoll ES, 
Cummings SR. Fracture risk in diabetic elderly men: the MrOS study. 
Diabetologia. 2014 Oct 1;57(10):2057-65.
19. Kanazawa I, Yamaguchi T, Yano S, Yamauchi M, Sugimoto T. 
Metformin enhances the differentiation and mineralization of osteoblastic 

MC3T3-E1 cells via AMP kinase activation as well as eNOS and BMP-2 
expression. Biochemical and biophysical research communications. 2008 
Oct 24;375(3):414-9.
20. Van Lierop AH, Hamdy NA, Van der Meer RW, Jonker JT, Lamb HJ, 
Rijzewijk LJ, Diamant M, Romijn JA, Smit JW, Papapoulos SE. Distinct 
effects of pioglitazone and metformin on circulating sclerostin and 
biochemical markers of bone turnover in men with type 2 diabetes 
mellitus. European journal of endocrinology. 2012 Apr 1;166(4):711-6.
21. Melton III LJ, Leibson CL, Achenbach SJ, Therneau TM, Khosla S. 
Fracture risk in type 2 diabetes: update of a population‐based study. 
Journal of Bone and Mineral Research. 2008 Aug;23(8):1334-42.
22. Zinman B, Haffner SM, Herman WH, Holman RR, Lachin JM, Kravitz 
BG, Paul G, Jones NP, Aftring RP, Viberti G, Kahn SE. Effect of rosigli-
tazone, metformin, and glyburide on bone biomarkers in patients with 
type 2 diabetes. The Journal of Clinical Endocrinology & Metabolism. 
2010 Jan 1;95(1):134-42.
23. Kahn SE, Haffner SM, Heise MA, Herman WH, Holman RR, Jones 
NP, Kravitz BG, Lachin JM, O'Neill MC, Zinman B, Viberti G. Glycemic 
durability of rosiglitazone, metformin, or glyburide monotherapy. New 
England Journal of Medicine. 2006 Dec 7;355(23):2427-43.
24. Monami M, Cresci B, Colombini A, Pala L, Balzi D, Gori F, Chiasserini 
V, Marchionni N, Rotella CM, Mannucci E. Bone fractures and hypoglyce-
mic treatment in type 2 diabetic patients: a case-control study. Diabetes 
Care. 2008 Feb 1;31(2):199-203.
25. Dormuth CR, Carney G, Carleton B, Bassett K, Wright JM. 
Thiazolidinediones and fractures in men and women. Archives of internal 
medicine. 2009 Aug 10;169(15):1395-402.
26. Bilezikian JP, Josse RG, Eastell R, Lewiecki EM, Miller CG, Wooddell 
M, Northcutt AR, Kravitz BG, Paul G, Cobitz AR, Nino AJ. Rosiglitazone 
decreases bone mineral density and increases bone turnover in 
postmenopausal women with type 2 diabetes mellitus. The Journal of 
Clinical Endocrinology & Metabolism. 2013 Apr 1;98(4):1519-28.
27. Loke YK, Singh S, Furberg CD. Long-term use of thiazolidinediones 
and fractures in type 2 diabetes: a meta-analysis. Cmaj. 2009 Jan 
6;180(1):32-9.
28. Gruntmanis U, Fordan S, Ghayee HK, Abdullah SM, See R, Ayers CR, 
McGuire DK. The peroxisome proliferator-activated receptor-γ agonist 
rosiglitazone increases bone resorption in women with type 2 diabetes: a 
randomized, controlled trial. Calcified tissue international. 2010 May 
1;86(5):343-9.
29. Habib ZA, Havstad SL, Wells K, Divine G, Pladevall M, Williams LK. 
Thiazolidinedione use and the longitudinal risk of fractures in patients 
with type 2 diabetes mellitus. The Journal of Clinical Endocrinology & 
Metabolism. 2010 Feb 1;95(2):592-600.
30. Schwartz AV, Chen H, Ambrosius WT, Sood A, Josse RG, Bonds DE, 
Schnall AM, Vittinghoff E, Bauer DC, Banerji MA, Cohen RM. Effects of 
TZD use and discontinuation on fracture rates in ACCORD bone study. 
The Journal of Clinical Endocrinology & Metabolism. 2015 Nov 
1;100(11):4059-66.
31. Benvenuti S, Cellai I, Luciani P, Deledda C, Baglioni S, Giuliani C, 
Saccardi R, Mazzanti B, Dal Pozzo S, Mannucci E, Peri A. Rosiglitazone 
stimulates adipogenesis and decreases osteoblastogenesis in human 
mesenchymal stem cells. Journal of endocrinological investigation. 2007 
Oct 1;30(9):RC26-30.
32. Mosenzon O, Wei C, Davidson J, Scirica BM, Yanuv I, Rozenberg A, 
Hirshberg B, Cahn A, Stahre C, Strojek K, Bhatt DL. Incidence of 
fractures in patients with type 2 diabetes in the SAVOR-TIMI 53 trial. 
Diabetes Care. 2015 Nov 1;38(11):2142-50.
33. Monami M, Dicembrini I, Antenore A, Mannucci E. Dipeptidyl 
peptidase-4 inhibitors and bone fractures: a meta-analysis of randomized 
clinical trials. Diabetes care. 2011 Nov 1;34(11):2474-6.
34. Hirshberg B, Parker A, Edelberg H, Donovan M, Iqbal N. Safety of 
saxagliptin: events of special interest in 9156 patients with type 2 
diabetes mellitus. Diabetes/metabolism research and reviews. 2014 
Oct;30(7):556-69.
35. Josse RG, Majumdar SR, Zheng Y, Adler A, Bethel MA, Buse JB, 
Green JB, Kaufman KD, Rodbard HW, Tankova T, Westerhout CM. 

Sitagliptin and risk of fractures in type 2 diabetes: R esults from the 
TECOS trial. Diabetes, Obesity and Metabolism. 2017 Jan;19(1):78-86.
36. Mabilleau G, Mieczkowska A, Chappard D. Use of glucagon‐like 
peptide‐1 receptor agonists and bone fractures: A meta‐analysis of 
randomized clinical trials. Journal of diabetes. 2014 May;6(3):260-6.
37. Su B, Sheng H, Zhang M, Bu L, Yang P, Li L, Li F, Sheng C, Han Y, Qu 
S, Wang J. Risk of bone fractures associated with glucagon-like peptide-1 
receptor agonists’ treatment: a meta-analysis of randomized controlled 
trials. Endocrine. 2015;1(48):107-15.
38. Bilezikian JP, Watts NB, Usiskin K, Polidori D, Fung A, Sullivan D, 
Rosenthal N. Evaluation of bone mineral density and bone biomarkers in 
patients with type 2 diabetes treated with canagliflozin. The Journal of 
Clinical Endocrinology. 2016 Jan 1;101(1):44-51.
39. Watts NB, Bilezikian JP, Usiskin K, Edwards R, Desai M, Law G, 
Meininger G. Effects of canagliflozin on fracture risk in patients with type 
2 diabetes mellitus. The Journal of Clinical Endocrinology. 2016 Jan 
1;101(1):157-66.
40. Tang HL, Li DD, Zhang JJ, Hsu YH, Wang TS, Zhai SD, Song YQ. 
Lack of evidence for a harmful effect of sodium‐glucose co‐transporter 2 
(SGLT2) inhibitors on fracture risk among type 2 diabetes patients: a 
network and cumulative meta‐analysis of randomized controlled trials. 
Diabetes, Obesity and Metabolism. 2016 Dec;18(12):1199-206.
41. Ptaszynska A, Johnsson KM, Parikh SJ, De Bruin TW, Apanovitch AM, 
List JF. Safety profile of dapagliflozin for type 2 diabetes: pooled analysis 
of clinical studies for overall safety and rare events. Drug safety. 2014 
Oct 1;37(10):815-29.
42. Gagnon C, Schafer AL. Bone health after bariatric surgery. JBMR plus. 
2018 May;2(3):121-33.
43. Bonds DE, Larson JC, Schwartz AV, Strotmeyer ES, Robbins J, 
Rodriguez BL, Johnson KC, Margolis KL. Risk of fracture in women with 
type 2 diabetes: the Women’s Health Initiative Observational Study. The 
Journal of clinical endocrinology & metabolism. 2006 Sep 1;91(9):3404-
10.
44. Vestergaard P. Discrepancies in bone mineral density and fracture 
risk in patients with type 1 and type 2 diabetes—a meta-analysis. 
Osteoporosis international. 2007 Apr 1;18(4):427-44.
45. Schwartz AV, Vittinghoff E, Bauer DC, Hillier TA, Strotmeyer ES, 
Ensrud KE, Donaldson MG, Cauley JA, Harris TB, Koster A, Womack 
CR. Association of BMD and FRAX score with risk of fracture in older 
adults with type 2 diabetes. Jama. 2011 Jun 1;305(21):2184-92.
46. Schacter GI, Leslie WD. DXA-based measurements in diabetes: can 
they predict fracture risk?. Calcified tissue international. 2017 Feb 
1;100(2):150-64.
47. Leslie WD, Morin SN, Majumdar SR, Lix LM. Effects of obesity and 
diabetes on rate of bone density loss. Osteoporosis International. 2018 
Jan 1;29(1):61-7.
48. Schwartz AV, Ewing SK, Porzig AM, McCulloch CE, Resnick HE, 
Hillier TA, Ensrud KE, Black DM, Nevitt MC, Cummings SR, Sellmeyer 
DE. Diabetes and change in bone mineral density at the hip, calcaneus, 
spine, and radius in older women. Frontiers in endocrinology. 2013 May 
30;4:62.
49. McCloskey EV, Odén A, Harvey NC, Leslie WD, Hans D, Johansson 
H, Barkmann R, Boutroy S, Brown J, Chapurlat R, Elders PJ. A 
meta‐analysis of trabecular bone score in fracture risk prediction and its 
relationship to FRAX. Journal of bone and mineral research. 2016 
May;31(5):940-8.
50. Harvey NC, Glüer CC, Binkley N, McCloskey EV, Brandi ML, 
Cooper C, Kendler D, Lamy O, Laslop A, Camargos BM, Reginster JY. 
Trabecular bone score (TBS) as a new complementary approach for 
osteoporosis evaluation in clinical practice. Bone. 2015 Sep 1;78:216-24.
51. Silva BC, Broy SB, Boutroy S, Schousboe JT, Shepherd JA, Leslie WD. 
Fracture risk prediction by non-BMD DXA measures: the 2015 ISCD 
official positions part 2: trabecular bone score. Journal of Clinical 
Densitometry. 2015 Jul 1;18(3):309-30.
52. Rianon N, Ambrose CG, Buni M, Watt G, Reyes-Ortiz C, Lee M, 
McCormick J, Fisher-Hoch S. Trabecular bone score is a valuable 
addition to bone mineral density for bone quality assessment in older 

Mexican American women with type 2 diabetes. Journal of Clinical 
Densitometry. 2018 Jul 1;21(3):355-9.
53. Jain RK, Narang DK, Hans D, Vokes TJ. Ethnic differences in 
trabecular bone score. Journal of Clinical Densitometry. 2017 Apr 
1;20(2):172-9.
54. Mazzetti G, Berger C, Leslie WD, Hans D, Langsetmo L, Hanley DA, 
Kovacs CS, Prior JC, Kaiser SM, Davison KS, Josse R. Densitometer-
specific differences in the correlation between body mass index and 
 lumbar spine trabecular bone score. Journal of Clinical Densitometry.
 2017 Apr 1;20(2):233-8
55. Patsch JM, Burghardt AJ, Yap SP, Baum T, Schwartz AV, Joseph GB, 
Link TM. Increased cortical porosity in type 2 diabetic postmenopausal 
women with fragility fractures. Journal of bone and mineral research. 
2013 Feb;28(2):313-24.
56. Heilmeier U, Cheng K, Pasco C, Parrish R, Nirody J, Patsch JM, 
Zhang CA, Joseph GB, Burghardt AJ, Schwartz AV, Link TM. Cortical 
bone laminar analysis reveals increased midcortical and periosteal 
porosity in type 2 diabetic postmenopausal women with history of 
fragility fractures compared to fracture-free diabetics. Osteoporosis 
International. 2016 Sep 1;27(9):2791-802.
57. Nilsson AG, Sundh D, Johansson L, Nilsson M, Mellström D, Rudäng 
R, Zoulakis M, Wallander M, Darelid A, Lorentzon M. Type 2 diabetes 
mellitus is associated with better bone microarchitecture but lower bone 
material strength and poorer physical function in elderly women: a 
population‐based study. Journal of Bone and Mineral Research. 2017 
May;32(5):1062-71.
58. Furst JR, Bandeira LC, Fan WW, Agarwal S, Nishiyama KK, McMahon 
DJ, Dworakowski E, Jiang H, Silverberg SJ, Rubin MR. Advanced glycation 
endproducts and bone material strength in type 2 diabetes. The Journal 
of Clinical Endocrinology & Metabolism. 2016 Jun 1;101(6):2502-10.
59. Keegan TH, Schwartz AV, Bauer DC, Sellmeyer DE, Kelsey JL. 
fracture intervention trial. 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 Jul;27(7):1547-53.
60. Vestergaard P, Rejnmark L, Mosekilde L. Are antiresorptive drugs 
effective against fractures in patients with diabetes? Calcified Tissue 
International. 2011 Mar 1;88(3):209-14.
61. 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. Calcified tissue international. 2016 Feb 
1;98(2):114-22.
62. 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. Journal 
of bone and mineral research. 2008 Jan;23(1):112-20.
63. 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 Oct 1;91:152-8.
64. Hamann C, Rauner M, Höhna Y, Bernhardt R, Mettelsiefen J, 
Goettsch C, Günther KP, Stolina M, Han CY, Asuncion FJ, Ominsky MS. 
Sclerostin antibody treatment improves bone mass, bone strength, and 
bone defect regeneration in rats with type 2 diabetes mellitus. Journal of 
Bone and Mineral Research. 2013 Mar;28(3):627-38.
65. Saag KG, Petersen J, Brandi ML, Karaplis AC, Lorentzon M, Thomas 
T, Maddox J, Fan M, Meisner PD, Grauer A. Romosozumab or alendro-
nate for fracture prevention in women with osteoporosis. New England 
Journal of Medicine. 2017 Oct 12;377(15):1417-27.
66. Ferrari SL, Abrahamsen B, Napoli N, Akesson K, Chandran M, Eastell 
R, Fuleihan GE, Josse R, Kendler DL, Kraenzlin M, Suzuki A. Diagnosis 
and management of bone fragility in diabetes: an emerging challenge. 
Osteoporosis International. 2018 Dec 1;29(12):2585-96.
67. Leslie WD, Rubin MR, Schwartz AV, Kanis JA. Type 2 diabetes and 
bone. Journal of Bone and Mineral Research. 2012 Nov;27(11):2231-7.
68. Villareal DT, Chode S, Parimi N, Sinacore DR, Hilton T, 
Armamento-Villareal R, Napoli N, Qualls C, Shah K. Weight loss, 
exercise, or both and physical function in obese older adults. New 

England Journal of Medicine. 2011 Mar 31;364(13):1218-29.
69. Scott D, Seibel M, Cumming R, Naganathan V, Blyth F, Le Couteur 
DG, Handelsman DJ, Waite LM, Hirani V. Sarcopenic obesity and its 
temporal associations with changes in bone mineral density, incident falls, 
and fractures in older men: the concord health and ageing in men 
project. Journal of bone and mineral research. 2017 Mar;32(3):575-83.

70. Armamento‐Villareal R, Sadler C, Napoli N, Shah K, Chode S, 
Sinacore DR, Qualls C, Villareal DT. Weight loss in obese older adults 
increases serum sclerostin and impairs hip geometry but both are 
prevented by exercise training. Journal of Bone and Mineral Research. 
2012 May;27(5):1215-21.

collagen is thought to contribute to lower bone formation. 
Together with low bone turnover, reduction in unmineralized 
matrix, and increased collagen glycation may contribute to 
increased fragility of diabetic bone.8 Recent studies have also 
shown that AGEs accumulation with altered mineral maturity 
a�ects the quality of bone independent of bone volume 
fraction, which may explain the epidemiological evidence that 
in DM2 patients who despite paradoxically having higher 
quantity of bone have higher risk of fragility fracture.9 In 
histomorphometric and biochemical studies of diabetes 
patients, bone turnover is low with a reduction in both bone 
formation and, to a lesser degree bone resorption.10 Bone 
turnover may also be a�ected by late stages of DM2 
complications such as renal failure associated adynamic bone 
disease. 

1. Diabetes-related risk factors for fragility 
fractures

�e mechanism for increased fragility fractures in DM2 is 
complex, but it is likely multifactorial and can be divided into 
factors related to glycaemic control, anti-diabetic medications 
and disease complications. 

1.1 DM2 Glycaemic control and complications

Chronic hyperglycaemia exposes excess glucose to the free 
amino acids in circulation or tissue proteins. �is 
non-enzymatic process initially forms reversible early glycation 
products and later, irreversible advanced glycation end products 
(AGEs). �e accumulation of AGEs in bone matrix as a result of 
hyperglycaemia alters collagen structure, impacts osteoblasts 
and osteoclasts function, increases bone marrow adiposity, 
release in�ammatory cytokines, and alters osteocyte number 
and function, all of which contribute to reducing bone 
quality.11-12 AGEs also contribute to the development of 
microvascular complications. 

Microvascular complications may a�ect the bone 
microvasculature with shifts in production to adipocytes and 
away from osteoblasts, resulting in an increase in bone marrow 
adiposity. Some studies have demonstrated an association of 
bone marrow adiposity with fractures and glycated 
haemoglobin (A1C) level or fractures.13 DM2 patients with 
microvascular complications have been shown in studies to have 
cortical bone de�cits.14 

In addition, microvascular complications such as sensory 
neuropathy and retinopathy with visual impairment increase 
the risk of falling. Older diabetic women have also been 
reported to have an increased risk of falling.15
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INTRODUCTION

Epidemiology - DM2 and fragility fractures

Diabetes and fragility fractures are both major global health 
challenges. �e global prevalence of diabetes among adults over 
18 years has risen from 4.7 percent in 1980 to 8.5 percent in 
2014.1  Worldwide, one in three women, as well as one in �ve 
men over the age of 50 years old, will experience osteoporotic 
fractures.2 Asians, especially South Asians, are predisposed 
toward DM2 to a greater extent than Caucasians.3 Singapore 
has a prevalence of DM2 at 10.5 percent which is higher than 
the world average of 8.8 percent, with estimates of prevalence 
rising to 15 percent in 2050.4  It is also projected that more 
than 50 percent of all fragility fractures will occur in Asia by the 
year 2050.5 Studies have shown that patients with DM2 have a 
higher risk of fragility fracture, including a 40 percent to 70 
percent increased fracture risk at the hip.6-7 Taken together, this 
implies a burgeoning epidemic of diabetes and fragility 
fractures, especially in Asian countries such as Singapore.

DM2 and Bone Metabolism

Patients with DM2 typically have lower bone turnover, and the 
accumulation of advanced glycation end-products (AGEs) in 
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1.2 Impact of DM2 medications on fracture risk16

Although lifestyle intervention is the cornerstone of 
management for patients with DM2, most patients eventually 
require pharmacological therapy. Many agents are available 
with di�erential e�ects on bone metabolism. Metformin, 
sulfonylurea, thiazolidinediones (TZDs), dipeptidyl peptidase 4 
inhibitors (DPP-4i), glucagon-like peptide 1 receptor agonists 
(GLP-1RA), sodium-glucose co-transporter 2 (SGLT2) 
inhibitor and insulin are the most commonly used medications. 
Table 1 depicts a summary of the e�ects of these DM2 
medications on BMD and fracture risks. Furthermore, bariatric 
surgery is now included in the therapeutic armamentarium for 
DM2. 

Metformin

Metformin primarily decreases hepatic glucose production by 
inhibiting key enzymes for gluconeogenesis and enhances 
peripheral insulin sensitivity. Experimental studies have 
indicated bene�cial e�ects on bone formation, whereas large 
clinical studies resulted in neutral or positive e�ects on BMD 
and fracture risk in di�erent and various large patient cohorts.17 

�ere is no current evidence from randomised controlled trials. 
However, these observational data strongly suggest a protective 
role of metformin on bone health.18-20 

Sulfonylureas (SU)

SU are SU receptor-1 agonists, which initiate inhibition of the 
adenosine triphosphate sensitive K+ channel and results in the 
depolarization of cell membrane, leading to increased 
endogenous insulin secretion. With the exception of the 
Osteoporotic Fractures in Men (MrOS) study17, which suggests 
that SU increase fracture risk in old men with DM2, the rest of 
the studies are indicative of a bene�cial or at least neutral e�ect 
on fracture risk.21-23 Furthermore, the e�ect of SU on bone 
metabolism and BMD seem to be neutral as well. However, the 
high risk of hypoglycaemia may increase the number of falls and 
fractures, and this should be taken into account when selecting 
therapy for these patients. 

Thiazolidinediones (TZDs)

TZDs are peroxisome proliferator-activated receptor Υ agonists 
that modulate gene expression, resulting in improved glucose 
uptake, beta-cell function and insulin sensitivity. Studies have 
shown that TZDs may potentially reduce bone density and 
increase fractures risks compared with other antidiabetic 
medications.21 �is e�ect has now been con�rmed in 
randomised studies and meta analyses.24-26 �is risk was similar 
with pioglitazone and rosiglitazone, did not vary with age and 
was associated with reductions in BMD.28 �e risk was also 
reported to be higher in women and those above 65 years old28

with a reduction in risk following discontinuation of the 
TZD.29 A key part of the TZD action is the activation of 
adipogenesis, for which peroxisome proliferator-activated 
receptor Υ is required. Adipocytes and osteoblasts are both 
derived from mesenchymal, and activation of adipogenesis is 

known to be associated with suppression of regulators of bone 
di�erentiation.30 �us, the e�ects of TZDs on bone are closely 
linked to their metabolic e�ects, and it should be avoided in 
women who are at increased fracture risk.

Dipeptidyl peptidase -4 inhibitor (DPP-4i)

DPP-4i are oral antidiabetic medications that inhibit the 
enzyme DPP-4, and its inhibition would potentially a�ect 
glucose regulation through multiple e�ects. �e SAVOR-TIMI 
trial found no e�ect of saxagliptin on fracture risk31 and a 
meta-analysis of various medications in this category found a 
protective e�ect on fracture prevention.32 However, a recent 
post hoc analysis of 20 randomised clinical trials (RCTs) found 
a slightly higher incidence of fractures with saxagliptin as 
compared to the control group.33 �e TECOS trial with 
sitagliptin found a neutral e�ect on fractures.34 �us, taken 
together, there are more data supportive of a more neutral e�ect 
of this class of drugs on fractures. Further studies are needed to 
con�rm any possible bene�cial e�ect on bone protection.

Glucagon-like peptide-1 receptor agonist (GLP1 RA)

GLP1 RA potentiates glucose induced insulin secretion and 
inhibits glucagon release. �ey also delay gastric emptying, 
reduce appetite and induces signi�cant weight loss. A 
meta-analysis of clinical trials found no e�ect of treatment on 
fractures as serious adverse events36, although a meta-analysis 
found a protective e�ect of liraglutide and a negative e�ect of 
exenatide.37 However, none of the studies included was 
powered for bone outcomes. �us, these results should be 
interpreted with caution. 

Sodium-Glucose Transport Protein 2-Inhibitors 
(SGLT2-i)

SGLT2i inhibits the sodium-glucose cotransporters, resulting 
in loss of glucose through urine and reduction in glucose 
concentrations. Several agents are available in this class, of 
which canagli�ozin has been demonstrated to potentially exert 
negative e�ects on bone density, bone resorption and fracture 
risk at the hip.37-38 �is increased fracture risk was seen more 
commonly in those who were older, with a past history of 
cardiovascular diseases, lower baseline glomerular �ltration rate 
and higher baseline diuretic use and may be mediated by 
increased falls. �is has now resulted in the revision of the 
labelling of this drug and addition of new warning by the U.S. 
Food and Drug Administration in September 2015. 
Empagli�ozin and dapagli�ozin have not been shown to exert 
signi�cant changes in BMD, bone markers, or fracture risk and 
are thought to have a neutral e�ect on bone.39-40 Further studies 
are needed to elucidate the long-term safety and mechanism of 
bone loss in this new class of drug.

Insulin

�ere are no speci�c RCT designed to investigate the e�ects of 
insulin on bone health. However, it has been consistently 
shown that patients who are treated with insulin in general 

present with an increased prevalence of fracture. Higher fracture 
risks are also associated with longer duration of diabetes, 
presence of more DM complications, increased risk of falls, and 
increased incidence of hypoglycaemia.

Bariatric surgery

Bariatric surgery is now a well-established therapeutic option in 
DM2 patients with BMI > 35 (Asian 32.5) kg/m2. �is has been 
recognised as the most e�ective way to sustain weight loss and 
improve glycaemic control requiring fewer medications. 
However, studies have shown that fracture risk seems to be 
increased between one to two years after surgery and is more 
associated with biliopancreatic diversions and Roux-en-Y gastric 
bypass. It is unclear whether sleeve gastrectomy is safe for 
skeletal health as it is a new procedure, and its skeletal e�ects 
have not been well de�ned.41

2. Fracture risk assessment in DM2 patients

2.1 Dual-energy X-ray absorptiometry (DXA) 
scans limitations and pitfalls

DM2 patients, despite their higher fracture risks, are known to 
have a �ve to ten percent higher areal BMD compared to 
non-DM2 subjects.42-43 �e increase in BMD was more 
pronounced in younger men, presence of higher BMI and 
higher HbA1C. However, these meta-analyses had substantial 
heterogeneity in the study designs and de�nitions of DM2.43

�is relatively higher BMD in those with DM2 implies that an 
even lower proportion of subjects with a fracture will have a 
BMD T score < -2.5 ( i.e. in the osteoporotic range) than 
among the non-DM2 population.44 Studies have shown that for 
a given BMD T score, the fracture risk was higher in DM2 
patients compared to those without DM2. Moreover, a T-score 
in a woman with DM2 is associated with hip fracture risk is 
equivalent to a woman without DM2 with a T score of 
approximately 0.5 units lower. Nevertheless, data have clearly 
con�rmed that while BMD systemically underestimates fracture 
risk, it still strati�ed fracture risk in elderly patients with 
DM2.45

Some studies suggest that DM2 may be associated with a more 
rapid bone loss which may result in increased fracture risks.46-47

Trabecular Bone Score (TBS) is a grey–level textural metric that 
is obtained from lumbar spine dual-energy X-ray 
absorptiometry (DXA) images. Decreased TBS has been found 
to be associated with an elevated risk for osteoporotic fractures 
independent of BMD in cohort studies. �ese results were 
con�rmed by a recent meta-analysis of prospective cohort data48

and adopted as evidence in position papers.49-50 However, 
studies in di�erent ethnic groups have shown variable results, 
particularly with respect to each gender.51-52 Recent analyses 
indicate that TBS evaluated on DXA scans is inversely related to 
BMI and abdominal fat53, whether TBS represents alterations of 
bone structure in diabetes, therefore, remains unknown.

2.2 Other measures of bone quality

Since reduced BMD alone does not fully explain increased in 
fracture risk and bone fragility in DM2 patients, there are 
ongoing studies looking into other techniques in measuring 
bone quality. �ese include HR-pQCT (Xtreme CT) at the 
distal radius and/or tibia, and studies in postmenopausal 
women with DM2 showed a trend toward greater cortical 
porosity compared to controls.54 Trabecular bone volume is 
more heterogeneous and is preserved in patients with DM2. 
Further studies have also shown that DM2 patients with 
microvascular disease demonstrated cortical de�cits on 
HR-pQCT. Higher cortical porosity in mid cortical and 
periosteal layers in DM2 patients with prior fracture compared 
to DM2 patients without history of fractures suggests that these 
cortical sub-compartments may be sensitive to DM2 induced 
toxicity and may re�ect microvascular disease.14, 55

Other measurements of bone strength, such as micro�nite 
element analysis and microindentation of the tibia outer cortex 
have shown lower results compared to control.56-57 However, 
these methods of measurement of bone strength are yet to be 
made accessible outside the research context.

3. Anti-Osteoporosis treatments in DM2 patients

No randomised clinical trials have directly evaluated the 
anti-fracture e�cacy of osteoporosis treatment in diabetic 
patients. �e clinical evidence regarding the e�cacy of 
anti-osteoporosis treatments in diabetic patients is provided by 
post hoc analyses in subgroups from randomised clinical trials 
enrolling osteoporosis patients and from a few observational 
studies.

In the Fracture Intervention Trial (FIT), postmenopausal 
women including DM2 patients with femoral T score < -1.6 
were randomly treated with alendronate or placebo for three 
years. In a post hoc analysis, it was reported that DM2 status 
did not alter the e�ect of alendronate on BMD gain versus 
placebo.58 Data extracted from the Danish national prescription 
registry reported that DM2 with or without complications did 
not in�uence fracture risk in patients who adhered to 
alendronate.59 In osteoporotic Japanese women with DM2, 
risedronate treatment showed similar responses in BMD of LS 
Spine and bone markers between DM2 and non-DM2 
patients.60 

Data are not available currently speci�cally evaluations DM2 
patients in their response to IV bisphosphonates and 
denosumab. Anti-fracture e�cacy of raloxifene was similar 
between patients with and without DM2 in the RUTH 
(Raloxifene Use for �e Heart) trial61 and in a Danish cohort. 
Teriparatide treatment had a similar e�ect in DM2 versus 
non-DM2 patients on vertebral and hip BMD.62 However, its 
e�ects speci�cally on bone strength and fracture risk remain to 
be speci�cally evaluated.

New and future osteoporosis medications

Abaloparatide may have potential in the treatment of bone 
fragility in DM2 as it can stimulate bone formation with a lesser 
increase in bone resorption. Romosozumab, an anti-sclerostin 
antibody, is currently under investigation as a new anabolic 
treatment and has been shown to enhance bone mass and 
strength in animal diabetic models.63 Whether this would 
translate to better bone health in DM2 patient remains to be 
seen. Recent signals of increased cardiovascular risk are of 
potential concerns, especially in DM2 patients.64 Further 
prospective studies are needed to understand this better. 

4. Management of bone fragility in DM2 patients

Figure 1 shows a suggested algorithm for diagnosing 
osteoporosis and initiation of treatment in DM2 patients. �e 
criteria are based on the presence of fragility fracture and/or a 
low BMD.65 

BMD intervention threshold of T < -2.0 have been adopted in 
this algorithm to allow for the paradoxically elevated BMD 
results in DM2 patients. However, this suggested adjustment 
and cut-o� have not been validated in the Asian and middle 
eastern population. 

FRAX computation in DM2 patient has also been suggested to 
be adjusted to take into account DM2 as a risk factor for 
fractures. Conventional clinical risk factors can be employed to 
identify DM2 patients at increased fracture risk. However, it is 
worth noting that FRAX does not fully capture the risk of 
osteoporotic fractures in DM2 patients and systematically 
underestimates fracture risk. Hence for a given FRAX score, 
fracture risk of a DM2 patient is in fact higher compared to a 
non-DM2 patient. FRAX adjustments have been proposed as 
follows, and either of these options may be adopted:44, 66

- Substitute Rheumatoid Arthritis as type 2 DM in FRAX
- Reducing the T score by 0.5 deviations
- Adding ten years into the age

4.1 General measures 

Lifestyle intervention 

Lifestyle intervention is always recommended in patients with 
DM2 and is the basis of any clinical guidelines. However, 
weight loss is associated with both muscle and bone loss that 
may increase the risk of bone fragility and sarcopenia.67 �us, 
adequate protein intake and weight-bearing exercises are 
important to prevent sarcopenia and sarcopenic-obesity68. 
Physical activity helps to prevent bone loss during weight loss 
program and is associated with decreased sclerostin and 
improvement in quality of life.69 Other lifestyle measures such 
as avoidance of smoking and limiting alcohol intake (less than 
three units per day) are also essential. 

Lower levels of 25-hydroxy-vitamin D levels have also been 
associated with DM2 as well, mostly in the obese and 

insulin-resistant states. Although the bene�ts of vitamin D 
supplementation on bone have not been demonstrated in 
diabetics, by analogy with the non-DM2 patient, a daily 
vitamin D intake of 800 IU/d may be recommended. 
Progressive higher doses of vitamin D may be required to 
achieve optimal serum levels of vitamin D. An adequate calcium 
intake (preferably from diet,100 mg/day) is recommended as 
well.

Glycaemic control

Good glycaemic control and prevention of chronic 
hyperglycaemia are important in reducing advanced glycation 
end products (AGEs), glycation of collagen and microvascular 
complications which are important in the maintenance of 
skeletal health. Glycaemic targets should be individualised, 
balancing the demonstrated bene�ts of prevention of 
microvascular complications and risk of hypoglycaemia. 
Antidiabetic treatments such as thiazolidinediones should be 
avoided in DM2 patients with osteoporosis and risk of fragility 
fractures. Canagli�ozin, although not necessarily all SGLT2i, 
should be avoided in these patients as well. 

4.2 Pharmacologic therapy

In addition to lifestyle measures, patients at high risk of 
fractures should receive pharmacological therapy. At the current 
time and in the absence of strong evidence against, 
bisphosphonates remain the �rst choice f or o steoporosis 
treatment in DM2 patients. Although there are no speci�c data 
on DM2 patients on the e�cacy of denosumab, this may be a 
preferred treatment option, especially in patients who have 
renal impairment or are unable to tolerate bisphosphonates. 
However, the use and potential bene�t of anti-resorptive drugs 
in patients with DM2 who are characterised by near normal 
BMD and/or low bone turnover markers whose bone fragility 
may mostly result from poor bone material properties remains 
unproven and needs further studies. In this context, anabolic 
agents such as teriparatide, abaloparatide or romosozumab 
present a potential interest. Table 2 depicts a summary of the 
e�ect o f a nti-osteoporosis m edications on B MD and fracture 
risks in DM2 patients. 

CONCLUSION

�e pathophysiology of fragility fractures in DM2 patients is 
complex and multifactorial. Longitudinal studies have 
established the limitation of current tools such as BMD and 
FRAX in estimating fracture risks. �e optimal management of 
fragility fractures in DM2 patients has yet to be established in 
long term prospective studies. �e current consensus is based on 
expert opinions and working group, which may change as the 
data evolves in this area. Good glycaemic control, lifestyle 
intervention and exercise remain important cornerstone of 
osteoporosis treatment in DM2 patients. Anti-osteoporosis 
treatments should be started in DM2 patients with a history of 
fragility fracture or at risk of fragility fractures. Future studies 
and new trials will further evaluate and prospectively investigate 
the efficacy and safety of osteoporosis treatment in DM2 
patients.

MANAGEMENT OF BONE FRAGILITY IN A PATIENT WITH TYPE 2 DIABETES MELLITUS

patients. 

REFERENCES

1. Emerging Risk Factors Collaboration. Diabetes mellitus, fasting blood 
glucose concentration, and risk of vascular disease: a collaborative 
meta-analysis of 102 prospective studies. The Lancet. 2010 Jun 
26;375(9733):2215-22.
2. Lindsay R, Christiansen C, Einhorn TA, Hart DM, Ljunghall S, Mautalen 
CA, Meunier PJ, Morii H, Mundy GR, Rapado A, Stevenson J. Who are 
candidates for prevention and treatment for osteoporosis?. Osteoporo-
sis International. 1997 Jan 1;7(1):1-6.
3. Chan JC, Malik V, Jia W, Kadowaki T, Yajnik CS, Yoon KH, Hu FB. 
Diabetes in Asia: epidemiology, risk factors, and pathophysiology. Jama. 
2009 May 27;301(20):2129-40.
4. Phan TP, Alkema L, Tai ES, Tan KH, Yang Q, Lim WY, Teo YY, Cheng 
CY, Wang X, Wong TY, Chia KS. Forecasting the burden of type 2 
diabetes in Singapore using a demographic epidemiological model of 
Singapore. BMJ Open Diabetes Research and Care. 2014 Jun 
1;2(1):e000012.
5. Cooper C, Campion G, Melton L3. Hip fractures in the elderly: a 
world-wide projection. Osteoporosis international. 1992 Nov 
1;2(6):285-9.
6. Janghorbani M, Van Dam RM, Willett WC, Hu FB. Systematic review 
of type 1 and type 2 diabetes mellitus and risk of fracture. American 
journal of epidemiology. 2007 Jun 16;166(5):495-505.
7. Janghorbani M, Feskanich D, Willett WC, Hu F. Prospective study of 
diabetes and risk of hip fracture: the Nurses’ Health Study. Diabetes 
care. 2006 Jul 1;29(7):1573-8.
8. Gilbert MP, Pratley RE. The impact of diabetes and diabetes medica-
tions on bone health. Endocrine reviews. 2015 Mar 4;36(2):194-213.
9. Hunt HB, Torres AM, Palomino PM, Marty E, Saiyed R, Cohn M, Jo J, 
Warner S, Sroga GE, King KB, Lane JM. Altered tissue composition, 
microarchitecture, and mechanical performance in cancellous bone from 
men with type 2 diabetes mellitus. Journal of Bone and Mineral Research. 
2019 Mar 13.
10. 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. European journal of 
endocrinology. 2017 Mar 1;176(3):R137-57.
11. Napoli N, Chandran M, Pierroz DD, Abrahamsen B, Schwartz AV, 
Ferrari SL. Mechanisms of diabetes mellitus-induced bone fragility. 
Nature Reviews Endocrinology. 2017 Apr;13(4):208.
12. Picke AK, Campbell G, Napoli N, Hofbauer LC, Rauner M. Update 
on the impact of type 2 diabetes mellitus on bone metabolism and 
material properties. Endocrine connections. 2019 Mar 1;8(3):R55-70.
14. Patsch JM, Li X, Baum T, Yap SP, Karampinos DC, Schwartz AV, Link 
TM. Bone marrow fat composition as a novel imaging biomarker in 
postmenopausal women with prevalent fragility fractures. Journal of bone 
and mineral research. 2013 Aug;28(8):1721-8.
15. Shanbhogue VV, Hansen S, Frost M, Jørgensen NR, Hermann AP, 
Henriksen JE, Brixen K. Compromised cortical bone compartment in 
type 2 diabetes mellitus patients with microvascular disease. European 
journal of endocrinology. 2016 Feb 1;174(2):115-24.
16. Schwartz AV, Hillier TA, Sellmeyer DE, Resnick HE, Gregg E, Ensrud 
KE, Schreiner PJ, Margolis KL, Cauley JA, Nevitt MC, Black DM. Older 
women with diabetes have a higher risk of falls: a prospective study. 
Diabetes care. 2002 Oct 1;25(10):1749-54.
17. Paschou SΑ, Dede AD, Anagnostis PG, Vryonidou A, Morganstein D, 
Goulis DG. Type 2 diabetes and osteoporosis: a guide to optimal 
management. The Journal of Clinical Endocrinology & Metabolism. 2017 
Jun 21;102(10):3621-34.
18. Napoli N, Strotmeyer ES, Ensrud KE, Sellmeyer DE, Bauer DC, 
Hoffman AR, Dam TT, Barrett-Connor E, Palermo L, Orwoll ES, 
Cummings SR. Fracture risk in diabetic elderly men: the MrOS study. 
Diabetologia. 2014 Oct 1;57(10):2057-65.
19. Kanazawa I, Yamaguchi T, Yano S, Yamauchi M, Sugimoto T. 
Metformin enhances the differentiation and mineralization of osteoblastic 

MC3T3-E1 cells via AMP kinase activation as well as eNOS and BMP-2 
expression. Biochemical and biophysical research communications. 2008 
Oct 24;375(3):414-9.
20. Van Lierop AH, Hamdy NA, Van der Meer RW, Jonker JT, Lamb HJ, 
Rijzewijk LJ, Diamant M, Romijn JA, Smit JW, Papapoulos SE. Distinct 
effects of pioglitazone and metformin on circulating sclerostin and 
biochemical markers of bone turnover in men with type 2 diabetes 
mellitus. European journal of endocrinology. 2012 Apr 1;166(4):711-6.
21. Melton III LJ, Leibson CL, Achenbach SJ, Therneau TM, Khosla S. 
Fracture risk in type 2 diabetes: update of a population‐based study. 
Journal of Bone and Mineral Research. 2008 Aug;23(8):1334-42.
22. Zinman B, Haffner SM, Herman WH, Holman RR, Lachin JM, Kravitz 
BG, Paul G, Jones NP, Aftring RP, Viberti G, Kahn SE. Effect of rosigli-
tazone, metformin, and glyburide on bone biomarkers in patients with 
type 2 diabetes. The Journal of Clinical Endocrinology & Metabolism. 
2010 Jan 1;95(1):134-42.
23. Kahn SE, Haffner SM, Heise MA, Herman WH, Holman RR, Jones 
NP, Kravitz BG, Lachin JM, O'Neill MC, Zinman B, Viberti G. Glycemic 
durability of rosiglitazone, metformin, or glyburide monotherapy. New 
England Journal of Medicine. 2006 Dec 7;355(23):2427-43.
24. Monami M, Cresci B, Colombini A, Pala L, Balzi D, Gori F, Chiasserini 
V, Marchionni N, Rotella CM, Mannucci E. Bone fractures and hypoglyce-
mic treatment in type 2 diabetic patients: a case-control study. Diabetes 
Care. 2008 Feb 1;31(2):199-203.
25. Dormuth CR, Carney G, Carleton B, Bassett K, Wright JM. 
Thiazolidinediones and fractures in men and women. Archives of internal 
medicine. 2009 Aug 10;169(15):1395-402.
26. Bilezikian JP, Josse RG, Eastell R, Lewiecki EM, Miller CG, Wooddell 
M, Northcutt AR, Kravitz BG, Paul G, Cobitz AR, Nino AJ. Rosiglitazone 
decreases bone mineral density and increases bone turnover in 
postmenopausal women with type 2 diabetes mellitus. The Journal of 
Clinical Endocrinology & Metabolism. 2013 Apr 1;98(4):1519-28.
27. Loke YK, Singh S, Furberg CD. Long-term use of thiazolidinediones 
and fractures in type 2 diabetes: a meta-analysis. Cmaj. 2009 Jan 
6;180(1):32-9.
28. Gruntmanis U, Fordan S, Ghayee HK, Abdullah SM, See R, Ayers CR, 
McGuire DK. The peroxisome proliferator-activated receptor-γ agonist 
rosiglitazone increases bone resorption in women with type 2 diabetes: a 
randomized, controlled trial. Calcified tissue international. 2010 May 
1;86(5):343-9.
29. Habib ZA, Havstad SL, Wells K, Divine G, Pladevall M, Williams LK. 
Thiazolidinedione use and the longitudinal risk of fractures in patients 
with type 2 diabetes mellitus. The Journal of Clinical Endocrinology & 
Metabolism. 2010 Feb 1;95(2):592-600.
30. Schwartz AV, Chen H, Ambrosius WT, Sood A, Josse RG, Bonds DE, 
Schnall AM, Vittinghoff E, Bauer DC, Banerji MA, Cohen RM. Effects of 
TZD use and discontinuation on fracture rates in ACCORD bone study. 
The Journal of Clinical Endocrinology & Metabolism. 2015 Nov 
1;100(11):4059-66.
31. Benvenuti S, Cellai I, Luciani P, Deledda C, Baglioni S, Giuliani C, 
Saccardi R, Mazzanti B, Dal Pozzo S, Mannucci E, Peri A. Rosiglitazone 
stimulates adipogenesis and decreases osteoblastogenesis in human 
mesenchymal stem cells. Journal of endocrinological investigation. 2007 
Oct 1;30(9):RC26-30.
32. Mosenzon O, Wei C, Davidson J, Scirica BM, Yanuv I, Rozenberg A, 
Hirshberg B, Cahn A, Stahre C, Strojek K, Bhatt DL. Incidence of 
fractures in patients with type 2 diabetes in the SAVOR-TIMI 53 trial. 
Diabetes Care. 2015 Nov 1;38(11):2142-50.
33. Monami M, Dicembrini I, Antenore A, Mannucci E. Dipeptidyl 
peptidase-4 inhibitors and bone fractures: a meta-analysis of randomized 
clinical trials. Diabetes care. 2011 Nov 1;34(11):2474-6.
34. Hirshberg B, Parker A, Edelberg H, Donovan M, Iqbal N. Safety of 
saxagliptin: events of special interest in 9156 patients with type 2 
diabetes mellitus. Diabetes/metabolism research and reviews. 2014 
Oct;30(7):556-69.
35. Josse RG, Majumdar SR, Zheng Y, Adler A, Bethel MA, Buse JB, 
Green JB, Kaufman KD, Rodbard HW, Tankova T, Westerhout CM. 

Sitagliptin and risk of fractures in type 2 diabetes: R esults from the 
TECOS trial. Diabetes, Obesity and Metabolism. 2017 Jan;19(1):78-86.
36. Mabilleau G, Mieczkowska A, Chappard D. Use of glucagon‐like 
peptide‐1 receptor agonists and bone fractures: A meta‐analysis of 
randomized clinical trials. Journal of diabetes. 2014 May;6(3):260-6.
37. Su B, Sheng H, Zhang M, Bu L, Yang P, Li L, Li F, Sheng C, Han Y, Qu 
S, Wang J. Risk of bone fractures associated with glucagon-like peptide-1 
receptor agonists’ treatment: a meta-analysis of randomized controlled 
trials. Endocrine. 2015;1(48):107-15.
38. Bilezikian JP, Watts NB, Usiskin K, Polidori D, Fung A, Sullivan D, 
Rosenthal N. Evaluation of bone mineral density and bone biomarkers in 
patients with type 2 diabetes treated with canagliflozin. The Journal of 
Clinical Endocrinology. 2016 Jan 1;101(1):44-51.
39. Watts NB, Bilezikian JP, Usiskin K, Edwards R, Desai M, Law G, 
Meininger G. Effects of canagliflozin on fracture risk in patients with type 
2 diabetes mellitus. The Journal of Clinical Endocrinology. 2016 Jan 
1;101(1):157-66.
40. Tang HL, Li DD, Zhang JJ, Hsu YH, Wang TS, Zhai SD, Song YQ. 
Lack of evidence for a harmful effect of sodium‐glucose co‐transporter 2 
(SGLT2) inhibitors on fracture risk among type 2 diabetes patients: a 
network and cumulative meta‐analysis of randomized controlled trials. 
Diabetes, Obesity and Metabolism. 2016 Dec;18(12):1199-206.
41. Ptaszynska A, Johnsson KM, Parikh SJ, De Bruin TW, Apanovitch AM, 
List JF. Safety profile of dapagliflozin for type 2 diabetes: pooled analysis 
of clinical studies for overall safety and rare events. Drug safety. 2014 
Oct 1;37(10):815-29.
42. Gagnon C, Schafer AL. Bone health after bariatric surgery. JBMR plus. 
2018 May;2(3):121-33.
43. Bonds DE, Larson JC, Schwartz AV, Strotmeyer ES, Robbins J, 
Rodriguez BL, Johnson KC, Margolis KL. Risk of fracture in women with 
type 2 diabetes: the Women’s Health Initiative Observational Study. The 
Journal of clinical endocrinology & metabolism. 2006 Sep 1;91(9):3404-
10.
44. Vestergaard P. Discrepancies in bone mineral density and fracture 
risk in patients with type 1 and type 2 diabetes—a meta-analysis. 
Osteoporosis international. 2007 Apr 1;18(4):427-44.
45. Schwartz AV, Vittinghoff E, Bauer DC, Hillier TA, Strotmeyer ES, 
Ensrud KE, Donaldson MG, Cauley JA, Harris TB, Koster A, Womack 
CR. Association of BMD and FRAX score with risk of fracture in older 
adults with type 2 diabetes. Jama. 2011 Jun 1;305(21):2184-92.
46. Schacter GI, Leslie WD. DXA-based measurements in diabetes: can 
they predict fracture risk?. Calcified tissue international. 2017 Feb 
1;100(2):150-64.
47. Leslie WD, Morin SN, Majumdar SR, Lix LM. Effects of obesity and 
diabetes on rate of bone density loss. Osteoporosis International. 2018 
Jan 1;29(1):61-7.
48. Schwartz AV, Ewing SK, Porzig AM, McCulloch CE, Resnick HE, 
Hillier TA, Ensrud KE, Black DM, Nevitt MC, Cummings SR, Sellmeyer 
DE. Diabetes and change in bone mineral density at the hip, calcaneus, 
spine, and radius in older women. Frontiers in endocrinology. 2013 May 
30;4:62.
49. McCloskey EV, Odén A, Harvey NC, Leslie WD, Hans D, Johansson 
H, Barkmann R, Boutroy S, Brown J, Chapurlat R, Elders PJ. A 
meta‐analysis of trabecular bone score in fracture risk prediction and its 
relationship to FRAX. Journal of bone and mineral research. 2016 
May;31(5):940-8.
50. Harvey NC, Glüer CC, Binkley N, McCloskey EV, Brandi ML, 
Cooper C, Kendler D, Lamy O, Laslop A, Camargos BM, Reginster JY. 
Trabecular bone score (TBS) as a new complementary approach for 
osteoporosis evaluation in clinical practice. Bone. 2015 Sep 1;78:216-24.
51. Silva BC, Broy SB, Boutroy S, Schousboe JT, Shepherd JA, Leslie WD. 
Fracture risk prediction by non-BMD DXA measures: the 2015 ISCD 
official positions part 2: trabecular bone score. Journal of Clinical 
Densitometry. 2015 Jul 1;18(3):309-30.
52. Rianon N, Ambrose CG, Buni M, Watt G, Reyes-Ortiz C, Lee M, 
McCormick J, Fisher-Hoch S. Trabecular bone score is a valuable 
addition to bone mineral density for bone quality assessment in older 

Mexican American women with type 2 diabetes. Journal of Clinical 
Densitometry. 2018 Jul 1;21(3):355-9.
53. Jain RK, Narang DK, Hans D, Vokes TJ. Ethnic differences in 
trabecular bone score. Journal of Clinical Densitometry. 2017 Apr 
1;20(2):172-9.
54. Mazzetti G, Berger C, Leslie WD, Hans D, Langsetmo L, Hanley DA, 
Kovacs CS, Prior JC, Kaiser SM, Davison KS, Josse R. Densitometer-
specific differences in the correlation between body mass index and 
 lumbar spine trabecular bone score. Journal of Clinical Densitometry.
 2017 Apr 1;20(2):233-8
55. Patsch JM, Burghardt AJ, Yap SP, Baum T, Schwartz AV, Joseph GB, 
Link TM. Increased cortical porosity in type 2 diabetic postmenopausal 
women with fragility fractures. Journal of bone and mineral research. 
2013 Feb;28(2):313-24.
56. Heilmeier U, Cheng K, Pasco C, Parrish R, Nirody J, Patsch JM, 
Zhang CA, Joseph GB, Burghardt AJ, Schwartz AV, Link TM. Cortical 
bone laminar analysis reveals increased midcortical and periosteal 
porosity in type 2 diabetic postmenopausal women with history of 
fragility fractures compared to fracture-free diabetics. Osteoporosis 
International. 2016 Sep 1;27(9):2791-802.
57. Nilsson AG, Sundh D, Johansson L, Nilsson M, Mellström D, Rudäng 
R, Zoulakis M, Wallander M, Darelid A, Lorentzon M. Type 2 diabetes 
mellitus is associated with better bone microarchitecture but lower bone 
material strength and poorer physical function in elderly women: a 
population‐based study. Journal of Bone and Mineral Research. 2017 
May;32(5):1062-71.
58. Furst JR, Bandeira LC, Fan WW, Agarwal S, Nishiyama KK, McMahon 
DJ, Dworakowski E, Jiang H, Silverberg SJ, Rubin MR. Advanced glycation 
endproducts and bone material strength in type 2 diabetes. The Journal 
of Clinical Endocrinology & Metabolism. 2016 Jun 1;101(6):2502-10.
59. Keegan TH, Schwartz AV, Bauer DC, Sellmeyer DE, Kelsey JL. 
fracture intervention trial. 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 Jul;27(7):1547-53.
60. Vestergaard P, Rejnmark L, Mosekilde L. Are antiresorptive drugs 
effective against fractures in patients with diabetes? Calcified Tissue 
International. 2011 Mar 1;88(3):209-14.
61. 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. Calcified tissue international. 2016 Feb 
1;98(2):114-22.
62. 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. Journal 
of bone and mineral research. 2008 Jan;23(1):112-20.
63. 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 Oct 1;91:152-8.
64. Hamann C, Rauner M, Höhna Y, Bernhardt R, Mettelsiefen J, 
Goettsch C, Günther KP, Stolina M, Han CY, Asuncion FJ, Ominsky MS. 
Sclerostin antibody treatment improves bone mass, bone strength, and 
bone defect regeneration in rats with type 2 diabetes mellitus. Journal of 
Bone and Mineral Research. 2013 Mar;28(3):627-38.
65. Saag KG, Petersen J, Brandi ML, Karaplis AC, Lorentzon M, Thomas 
T, Maddox J, Fan M, Meisner PD, Grauer A. Romosozumab or alendro-
nate for fracture prevention in women with osteoporosis. New England 
Journal of Medicine. 2017 Oct 12;377(15):1417-27.
66. Ferrari SL, Abrahamsen B, Napoli N, Akesson K, Chandran M, Eastell 
R, Fuleihan GE, Josse R, Kendler DL, Kraenzlin M, Suzuki A. Diagnosis 
and management of bone fragility in diabetes: an emerging challenge. 
Osteoporosis International. 2018 Dec 1;29(12):2585-96.
67. Leslie WD, Rubin MR, Schwartz AV, Kanis JA. Type 2 diabetes and 
bone. Journal of Bone and Mineral Research. 2012 Nov;27(11):2231-7.
68. Villareal DT, Chode S, Parimi N, Sinacore DR, Hilton T, 
Armamento-Villareal R, Napoli N, Qualls C, Shah K. Weight loss, 
exercise, or both and physical function in obese older adults. New 

England Journal of Medicine. 2011 Mar 31;364(13):1218-29.
69. Scott D, Seibel M, Cumming R, Naganathan V, Blyth F, Le Couteur 
DG, Handelsman DJ, Waite LM, Hirani V. Sarcopenic obesity and its 
temporal associations with changes in bone mineral density, incident falls, 
and fractures in older men: the concord health and ageing in men 
project. Journal of bone and mineral research. 2017 Mar;32(3):575-83.

70. Armamento‐Villareal R, Sadler C, Napoli N, Shah K, Chode S, 
Sinacore DR, Qualls C, Villareal DT. Weight loss in obese older adults 
increases serum sclerostin and impairs hip geometry but both are 
prevented by exercise training. Journal of Bone and Mineral Research. 
2012 May;27(5):1215-21.

collagen is thought to contribute to lower bone formation. 
Together with low bone turnover, reduction in unmineralized 
matrix, and increased collagen glycation may contribute to 
increased fragility of diabetic bone.8 Recent studies have also 
shown that AGEs accumulation with altered mineral maturity 
a�ects the quality of bone independent of bone volume 
fraction, which may explain the epidemiological evidence that 
in DM2 patients who despite paradoxically having higher 
quantity of bone have higher risk of fragility fracture.9 In 
histomorphometric and biochemical studies of diabetes 
patients, bone turnover is low with a reduction in both bone 
formation and, to a lesser degree bone resorption.10 Bone 
turnover may also be a�ected by late stages of DM2 
complications such as renal failure associated adynamic bone 
disease. 

1. Diabetes-related risk factors for fragility 
fractures

�e mechanism for increased fragility fractures in DM2 is 
complex, but it is likely multifactorial and can be divided into 
factors related to glycaemic control, anti-diabetic medications 
and disease complications. 

1.1 DM2 Glycaemic control and complications

Chronic hyperglycaemia exposes excess glucose to the free 
amino acids in circulation or tissue proteins. �is 
non-enzymatic process initially forms reversible early glycation 
products and later, irreversible advanced glycation end products 
(AGEs). �e accumulation of AGEs in bone matrix as a result of 
hyperglycaemia alters collagen structure, impacts osteoblasts 
and osteoclasts function, increases bone marrow adiposity, 
release in�ammatory cytokines, and alters osteocyte number 
and function, all of which contribute to reducing bone 
quality.11-12 AGEs also contribute to the development of 
microvascular complications. 

Microvascular complications may a�ect the bone 
microvasculature with shifts in production to adipocytes and 
away from osteoblasts, resulting in an increase in bone marrow 
adiposity. Some studies have demonstrated an association of 
bone marrow adiposity with fractures and glycated 
haemoglobin (A1C) level or fractures.13 DM2 patients with 
microvascular complications have been shown in studies to have 
cortical bone de�cits.14 

In addition, microvascular complications such as sensory 
neuropathy and retinopathy with visual impairment increase 
the risk of falling. Older diabetic women have also been 
reported to have an increased risk of falling.15
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INTRODUCTION

Epidemiology - DM2 and fragility fractures

Diabetes and fragility fractures are both major global health 
challenges. �e global prevalence of diabetes among adults over 
18 years has risen from 4.7 percent in 1980 to 8.5 percent in 
2014.1  Worldwide, one in three women, as well as one in �ve 
men over the age of 50 years old, will experience osteoporotic 
fractures.2 Asians, especially South Asians, are predisposed 
toward DM2 to a greater extent than Caucasians.3 Singapore 
has a prevalence of DM2 at 10.5 percent which is higher than 
the world average of 8.8 percent, with estimates of prevalence 
rising to 15 percent in 2050.4  It is also projected that more 
than 50 percent of all fragility fractures will occur in Asia by the 
year 2050.5 Studies have shown that patients with DM2 have a 
higher risk of fragility fracture, including a 40 percent to 70 
percent increased fracture risk at the hip.6-7 Taken together, this 
implies a burgeoning epidemic of diabetes and fragility 
fractures, especially in Asian countries such as Singapore.

DM2 and Bone Metabolism

Patients with DM2 typically have lower bone turnover, and the 
accumulation of advanced glycation end-products (AGEs) in 
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1.2 Impact of DM2 medications on fracture risk17

Although lifestyle intervention is the cornerstone of 
management for patients with DM2, most patients eventually 
require pharmacological therapy. Many agents are available 
with di�erential e�ects on bone metabolism. Metformin, 
sulfonylurea, thiazolidinediones (TZDs), dipeptidyl peptidase 4 
inhibitors (DPP-4i), glucagon-like peptide 1 receptor agonists 
(GLP-1RA), sodium-glucose co-transporter 2 (SGLT2) 
inhibitor and insulin are the most commonly used medications. 
Table 1 depicts a summary of the e�ects of these DM2 
medications on BMD and fracture risks. Furthermore, bariatric 
surgery is now included in the therapeutic armamentarium for 
DM2. 

Metformin

Metformin primarily decreases hepatic glucose production by 
inhibiting key enzymes for gluconeogenesis and enhances 
peripheral insulin sensitivity. Experimental studies have 
indicated bene�cial e�ects on bone formation, whereas large 
clinical studies resulted in neutral or positive e�ects on BMD 
and fracture risk in di�erent and various large patient cohorts.18 

�ere is no current evidence from randomised controlled trials. 
However, these observational data strongly suggest a protective 
role of metformin on bone health.19-21 

Sulfonylureas (SU)

SU are SU receptor-1 agonists, which initiate inhibition of the 
adenosine triphosphate sensitive K+ channel and results in the 
depolarization of cell membrane, leading to increased 
endogenous insulin secretion. With the exception of the 
Osteoporotic Fractures in Men (MrOS) study18, which suggests 
that SU increase fracture risk in old men with DM2, the rest of 
the studies are indicative of a bene�cial or at least neutral e�ect 
on fracture risk.22-24 Furthermore, the e�ect of SU on bone 
metabolism and BMD seem to be neutral as well. However, the 
high risk of hypoglycaemia may increase the number of falls and 
fractures, and this should be taken into account when selecting 
therapy for these patients. 

Thiazolidinediones (TZDs)

TZDs are peroxisome proliferator-activated receptor Υ agonists 
that modulate gene expression, resulting in improved glucose 
uptake, beta-cell function and insulin sensitivity. Studies have 
shown that TZDs may potentially reduce bone density and 
increase fractures risks compared with other antidiabetic 
medications.22 �is e�ect has now been con�rmed in 
randomised studies and meta analyses.25-27 �is risk was similar 
with pioglitazone and rosiglitazone, did not vary with age and 
was associated with reductions in BMD.28 �e risk was also 
reported to be higher in women and those above 65 years old29

with a reduction in risk following discontinuation of the 
TZD.30 A key part of the TZD action is the activation of 
adipogenesis, for which peroxisome proliferator-activated 
receptor Υ is required. Adipocytes and osteoblasts are both 
derived from mesenchymal, and activation of adipogenesis is 

known to be associated with suppression of regulators of bone 
di�erentiation.31 �us, the e�ects of TZDs on bone are closely 
linked to their metabolic e�ects, and it should be avoided in 
women who are at increased fracture risk.

Dipeptidyl peptidase -4 inhibitor (DPP-4i)

DPP-4i are oral antidiabetic medications that inhibit the 
enzyme DPP-4, and its inhibition would potentially a�ect 
glucose regulation through multiple e�ects. �e SAVOR-TIMI 
trial found no e�ect of saxagliptin on fracture risk32 and a 
meta-analysis of various medications in this category found a 
protective e�ect on fracture prevention.33 However, a recent 
post hoc analysis of 20 randomised clinical trials (RCTs) found 
a slightly higher incidence of fractures with saxagliptin as 
compared to the control group.34 �e TECOS trial with 
sitagliptin found a neutral e�ect on fractures.35 �us, taken 
together, there are more data supportive of a more neutral e�ect 
of this class of drugs on fractures. Further studies are needed to 
con�rm any possible bene�cial e�ect on bone protection.

Glucagon-like peptide-1 receptor agonist (GLP1 RA)

GLP1 RA potentiates glucose induced insulin secretion and 
inhibits glucagon release. �ey also delay gastric emptying, 
reduce appetite and induces signi�cant weight loss. A 
meta-analysis of clinical trials found no e�ect of treatment on 
fractures as serious adverse events36, although a meta-analysis 
found a protective e�ect of liraglutide and a negative e�ect of 
exenatide.37 However, none of the studies included was 
powered for bone outcomes. �us, these results should be 
interpreted with caution. 

Sodium-Glucose Transport Protein 2-Inhibitors 
(SGLT2-i)

SGLT2i inhibits the sodium-glucose cotransporters, resulting 
in loss of glucose through urine and reduction in glucose 
concentrations. Several agents are available in this class, of 
which canagli�ozin has been demonstrated to potentially exert 
negative e�ects on bone density, bone resorption and fracture 
risk at the hip.38-39 �is increased fracture risk was seen more 
commonly in those who were older, with a past history of 
cardiovascular diseases, lower baseline glomerular �ltration rate 
and higher baseline diuretic use and may be mediated by 
increased falls. �is has now resulted in the revision of the 
labelling of this drug and addition of new warning by the U.S. 
Food and Drug Administration in September 2015. 
Empagli�ozin and dapagli�ozin have not been shown to exert 
signi�cant changes in BMD, bone markers, or fracture risk and 
are thought to have a neutral e�ect on bone.40-41 Further studies 
are needed to elucidate the long-term safety and mechanism of 
bone loss in this new class of drug.

Insulin

�ere are no speci�c RCT designed to investigate the e�ects of 
insulin on bone health. However, it has been consistently 
shown that patients who are treated with insulin in general 
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present with an increased prevalence of fracture. Higher fracture 
risks are also associated with longer duration of diabetes, 
presence of more DM complications, increased risk of falls, and 
increased incidence of hypoglycaemia.

Bariatric surgery

Bariatric surgery is now a well-established therapeutic option in 
DM2 patients with BMI > 35 (Asian 32.5) kg/m2. �is has been 
recognised as the most e�ective way to sustain weight loss and 
improve glycaemic control requiring fewer medications. 
However, studies have shown that fracture risk seems to be 
increased between one to two years after surgery and is more 
associated with biliopancreatic diversions and Roux-en-Y gastric 
bypass. It is unclear whether sleeve gastrectomy is safe for 
skeletal health as it is a new procedure, and its skeletal e�ects 
have not been well de�ned.42

2. Fracture risk assessment in DM2 patients

2.1 Dual-energy X-ray absorptiometry (DXA) 
scans limitations and pitfalls

DM2 patients, despite their higher fracture risks, are known to 
have a �ve to ten percent higher areal BMD compared to 
non-DM2 subjects.43-44 �e increase in BMD was more 
pronounced in younger men, presence of higher BMI and 
higher HbA1C. However, these meta-analyses had substantial 
heterogeneity in the study designs and de�nitions of DM2.44

�is relatively higher BMD in those with DM2 implies that an 
even lower proportion of subjects with a fracture will have a 
BMD T score < -2.5 ( i.e. in the osteoporotic range) than 
among the non-DM2 population.45 Studies have shown that for 
a given BMD T score, the fracture risk was higher in DM2 
patients compared to those without DM2. Moreover, a T-score 
in a woman with DM2 is associated with hip fracture risk is 
equivalent to a woman without DM2 with a T score of 
approximately 0.5 units lower. Nevertheless, data have clearly 
con�rmed that while BMD systemically underestimates fracture 
risk, it still strati�ed fracture risk in elderly patients with 
DM2.46

Some studies suggest that DM2 may be associated with a more 
rapid bone loss which may result in increased fracture risks.47-48

Trabecular Bone Score (TBS) is a grey–level textural metric that 
is obtained from lumbar spine dual-energy X-ray 
absorptiometry (DXA) images. Decreased TBS has been found 
to be associated with an elevated risk for osteoporotic fractures 
independent of BMD in cohort studies. �ese results were 
con�rmed by a recent meta-analysis of prospective cohort 
data49 and adopted as evidence in position papers.50-51 

However, studies in di�erent ethnic groups have shown variable 
results, particularly with respect to each gender.52-53 Recent 
analyses indicate that TBS evaluated on DXA scans is inversely 
related to BMI and abdominal fat54, whether TBS represents 
alterations of bone structure in diabetes, therefore, remains 
unknown.

2.2 Other measures of bone quality

Since reduced BMD alone does not fully explain increased in 
fracture risk and bone fragility in DM2 patients, there are 
ongoing studies looking into other techniques in measuring 
bone quality. �ese include HR-pQCT (Xtreme CT) at the 
distal radius and/or tibia, and studies in postmenopausal 
women with DM2 showed a trend toward greater cortical 
porosity compared to controls.55 Trabecular bone volume is 
more heterogeneous and is preserved in patients with DM2. 
Further studies have also shown that DM2 patients with 
microvascular disease demonstrated cortical de�cits on 
HR-pQCT. Higher cortical porosity in mid cortical and 
periosteal layers in DM2 patients with prior fracture compared 
to DM2 patients without history of fractures suggests that these 
cortical sub-compartments may be sensitive to DM2 induced 
toxicity and may re�ect microvascular disease.15, 56

Other measurements of bone strength, such as micro�nite 
element analysis and microindentation of the tibia outer cortex 
have shown lower results compared to control.57-58 However, 
these methods of measurement of bone strength are yet to be 
made accessible outside the research context.

3. Anti-Osteoporosis treatments in DM2 patients

No randomised clinical trials have directly evaluated the 
anti-fracture e�cacy of osteoporosis treatment in diabetic 
patients. �e clinical evidence regarding the e�cacy of 
anti-osteoporosis treatments in diabetic patients is provided by 
post hoc analyses in subgroups from randomised clinical trials 
enrolling osteoporosis patients and from a few observational 
studies.

In the Fracture Intervention Trial (FIT), postmenopausal 
women including DM2 patients with femoral T score < -1.6 
were randomly treated with alendronate or placebo for three 
years. In a post hoc analysis, it was reported that DM2 status 
did not alter the e�ect of alendronate on BMD gain versus 
placebo.59 Data extracted from the Danish national prescription 
registry reported that DM2 with or without complications did 
not in�uence fracture risk in patients who adhered to 
alendronate.60 In osteoporotic Japanese women with DM2, 
risedronate treatment showed similar responses in BMD of LS 
Spine and bone markers between DM2 and non-DM2 
patients.61 

Data are not available currently speci�cally evaluations DM2 
patients in their response to IV bisphosphonates and 
denosumab. Anti-fracture e�cacy of raloxifene was similar 
between patients with and without DM2 in the RUTH 
(Raloxifene Use for �e Heart) trial62 and in a Danish cohort. 
Teriparatide treatment had a similar e�ect in DM2 versus 
non-DM2 patients on vertebral and hip BMD.63 However, its 
e�ects speci�cally on bone strength and fracture risk remain to 
be speci�cally evaluated.

New and future osteoporosis medications

Abaloparatide may have potential in the treatment of bone 
fragility in DM2 as it can stimulate bone formation with a lesser 
increase in bone resorption. Romosozumab, an anti-sclerostin 
antibody, is currently under investigation as a new anabolic 
treatment and has been shown to enhance bone mass and 
strength in animal diabetic models.64 Whether this would 
translate to better bone health in DM2 patient remains to be 
seen. Recent signals of increased cardiovascular risk are of 
potential concerns, especially in DM2 patients.65 Further 
prospective studies are needed to understand this better. 

4. Management of bone fragility in DM2 patients

Figure 1 shows a suggested algorithm for diagnosing 
osteoporosis and initiation of treatment in DM2 patients. �e 
criteria are based on the presence of fragility fracture and/or a 
low BMD.66 

BMD intervention threshold of T < -2.0 have been adopted in 
this algorithm to allow for the paradoxically elevated BMD 
results in DM2 patients. However, this suggested adjustment 
and cut-o� have not been validated in the Asian and middle 
eastern population. 

FRAX computation in DM2 patient has also been suggested to 
be adjusted to take into account DM2 as a risk factor for 
fractures. Conventional clinical risk factors can be employed to 
identify DM2 patients at increased fracture risk. However, it is 
worth noting that FRAX does not fully capture the risk of 
osteoporotic fractures in DM2 patients and systematically 
underestimates fracture risk. Hence for a given FRAX score, 
fracture risk of a DM2 patient is in fact higher compared to a 
non-DM2 patient. FRAX adjustments have been proposed as 
follows, and either of these options may be adopted:45, 67

- Substitute Rheumatoid Arthritis as type 2 DM in FRAX
- Reducing the T score by 0.5 deviations
- Adding ten years into the age

4.1 General measures 

Lifestyle intervention 

Lifestyle intervention is always recommended in patients with 
DM2 and is the basis of any clinical guidelines. However, 
weight loss is associated with both muscle and bone loss that 
may increase the risk of bone fragility and sarcopenia.68 �us, 
adequate protein intake and weight-bearing exercises are 
important to prevent sarcopenia and sarcopenic-obesity69. 
Physical activity helps to prevent bone loss during weight loss 
program and is associated with decreased sclerostin and 
improvement in quality of life.70 Other lifestyle measures such 
as avoidance of smoking and limiting alcohol intake (less than 
three units per day) are also essential. 

Lower levels of 25-hydroxy-vitamin D levels have also been 
associated with DM2 as well, mostly in the obese and 

insulin-resistant states. Although the bene�ts of vitamin D 
supplementation on bone have not been demonstrated in 
diabetics, by analogy with the non-DM2 patient, a daily 
vitamin D intake of 800 IU/d may be recommended. 
Progressive higher doses of vitamin D may be required to 
achieve optimal serum levels of vitamin D. An adequate calcium 
intake (preferably from diet,100 mg/day) is recommended as 
well.

Glycaemic control

Good glycaemic control and prevention of chronic 
hyperglycaemia are important in reducing advanced glycation 
end products (AGEs), glycation of collagen and microvascular 
complications which are important in the maintenance of 
skeletal health. Glycaemic targets should be individualised, 
balancing the demonstrated bene�ts of prevention of 
microvascular complications and risk of hypoglycaemia. 
Antidiabetic treatments such as thiazolidinediones should be 
avoided in DM2 patients with osteoporosis and risk of fragility 
fractures. Canagli�ozin, although not necessarily all SGLT2i, 
should be avoided in these patients as well. 

4.2 Pharmacologic therapy

In addition to lifestyle measures, patients at high risk of 
fractures should receive pharmacological therapy. At the current 
time and in the absence of strong evidence against, 
bisphosphonates remain the �rst choice for osteoporosis 
treatment in DM2 patients. Although there are no speci�c data 
on DM2 patients on the e�cacy of denosumab, this may be a 
preferred treatment option, especially in patients who have 
renal impairment or are unable to tolerate bisphosphonates. 
However, the use and potential bene�t of anti-resorptive drugs 
in patients with DM2 who are characterised by near normal 
BMD and/or low bone turnover markers whose bone fragility 
may mostly result from poor bone material properties remains 
unproven and needs further studies. In this context, anabolic 
agents such as teriparatide, abaloparatide or romosozumab 
present a potential interest. Table 2 depicts a summary of the 
e�ect of anti-osteoporosis medications on BMD and fracture 
risks in DM2 patients. 

CONCLUSION

�e pathophysiology of fragility fractures in DM2 patients is 
complex and multifactorial. Longitudinal studies have 
established the limitation of current tools such as BMD and 
FRAX in estimating fracture risks. �e optimal management of 
fragility fractures in DM2 patients has yet to be established in 
long term prospective studies. �e current consensus is based on 
expert opinions and working group, which may change as the 
data evolves in this area. Good glycaemic control, lifestyle 
intervention and exercise remain important cornerstone of 
osteoporosis treatment in DM2 patients. Anti-osteoporosis 
treatments should be started in DM2 patients with a history of 
fragility fracture or at risk of fragility fractures. Future studies 
and new trials will further evaluate and prospectively investigate 
the e�cacy and safety of osteoporosis treatment in DM2 
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collagen is thought to contribute to lower bone formation. 
Together with low bone turnover, reduction in unmineralized 
matrix, and increased collagen glycation may contribute to 
increased fragility of diabetic bone.8 Recent studies have also 
shown that AGEs accumulation with altered mineral maturity 
a�ects the quality of bone independent of bone volume 
fraction, which may explain the epidemiological evidence that 
in DM2 patients who despite paradoxically having higher 
quantity of bone have higher risk of fragility fracture.9 In 
histomorphometric and biochemical studies of diabetes 
patients, bone turnover is low with a reduction in both bone 
formation and, to a lesser degree bone resorption.10 Bone 
turnover may also be a�ected by late stages of DM2 
complications such as renal failure associated adynamic bone 
disease. 

1. Diabetes-related risk factors for fragility 
fractures

�e mechanism for increased fragility fractures in DM2 is 
complex, but it is likely multifactorial and can be divided into 
factors related to glycaemic control, anti-diabetic medications 
and disease complications. 

1.1 DM2 Glycaemic control and complications

Chronic hyperglycaemia exposes excess glucose to the free 
amino acids in circulation or tissue proteins. �is 
non-enzymatic process initially forms reversible early glycation 
products and later, irreversible advanced glycation end products 
(AGEs). �e accumulation of AGEs in bone matrix as a result of 
hyperglycaemia alters collagen structure, impacts osteoblasts 
and osteoclasts function, increases bone marrow adiposity, 
release in�ammatory cytokines, and alters osteocyte number 
and function, all of which contribute to reducing bone 
quality.11-12 AGEs also contribute to the development of 
microvascular complications. 

Microvascular complications may a�ect the bone 
microvasculature with shifts in production to adipocytes and 
away from osteoblasts, resulting in an increase in bone marrow 
adiposity. Some studies have demonstrated an association of 
bone marrow adiposity with fractures and glycated 
haemoglobin (A1C) level or fractures.13-14 DM2 patients with 
microvascular complications have been shown in studies to have 
cortical bone de�cits.15 

In addition, microvascular complications such as sensory 
neuropathy and retinopathy with visual impairment increase 
the risk of falling. Older diabetic women have also been 
reported to have an increased risk of falling.16

ABSTRACT
Patients with type 2 diabetes mellitus (DM2) are 
recognised to have a higher risk of fragility fractures. 
With the increasing prevalence of DM2 in Singapore and 
an ageing population, the impact of DM2 on fragility 
fracture is expected to rise. The aim of this article is to 
review updated information on bone fragility and fracture 
risk in DM2 patients, to discuss the impact of diabetes 
treatment on bone metabolism, as well as the efficacy of 
anti-osteoporosis treatments for this population. An 
algorithm is proposed for the identification and 
management of DM2 patients at increased fracture risk.

Keywords: Osteoporosis, type 2 diabetes mellitus, 
glycaemic control, anti-resorptive treatment 

SFP2019; 45(7) : X-X

INTRODUCTION

Epidemiology - DM2 and fragility fractures

Diabetes and fragility fractures are both major global health 
challenges. �e global prevalence of diabetes among adults over 
18 years has risen from 4.7 percent in 1980 to 8.5 percent in 
2014.1  Worldwide, one in three women, as well as one in �ve 
men over the age of 50 years old, will experience osteoporotic 
fractures.2 Asians, especially South Asians, are predisposed 
toward DM2 to a greater extent than Caucasians.3 Singapore 
has a prevalence of DM2 at 10.5 percent which is higher than 
the world average of 8.8 percent, with estimates of prevalence 
rising to 15 percent in 2050.4  It is also projected that more 
than 50 percent of all fragility fractures will occur in Asia by the 
year 2050.5 Studies have shown that patients with DM2 have a 
higher risk of fragility fracture, including a 40 percent to 70 
percent increased fracture risk at the hip.6-7 Taken together, this 
implies a burgeoning epidemic of diabetes and fragility 
fractures, especially in Asian countries such as Singapore.

DM2 and Bone Metabolism

Patients with DM2 typically have lower bone turnover, and the 
accumulation of advanced glycation end-products (AGEs) in 
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1.2 Impact of DM2 medications on fracture risk17

Although lifestyle intervention is the cornerstone of 
management for patients with DM2, most patients eventually 
require pharmacological therapy. Many agents are available 
with di�erential e�ects on bone metabolism. Metformin, 
sulfonylurea, thiazolidinediones (TZDs), dipeptidyl peptidase 4 
inhibitors (DPP-4i), glucagon-like peptide 1 receptor agonists 
(GLP-1RA), sodium-glucose co-transporter 2 (SGLT2) 
inhibitor and insulin are the most commonly used medications. 
Table 1 depicts a summary of the e�ects of these DM2 
medications on BMD and fracture risks. Furthermore, bariatric 
surgery is now included in the therapeutic armamentarium for 
DM2. 

Metformin

Metformin primarily decreases hepatic glucose production by 
inhibiting key enzymes for gluconeogenesis and enhances 
peripheral insulin sensitivity. Experimental studies have 
indicated bene�cial e�ects on bone formation, whereas large 
clinical studies resulted in neutral or positive e�ects on BMD 
and fracture risk in di�erent and various large patient cohorts.18 

�ere is no current evidence from randomised controlled trials. 
However, these observational data strongly suggest a protective 
role of metformin on bone health.19-21 

Sulfonylureas (SU)

SU are SU receptor-1 agonists, which initiate inhibition of the 
adenosine triphosphate sensitive K+ channel and results in the 
depolarization of cell membrane, leading to increased 
endogenous insulin secretion. With the exception of the 
Osteoporotic Fractures in Men (MrOS) study18, which suggests 
that SU increase fracture risk in old men with DM2, the rest of 
the studies are indicative of a bene�cial or at least neutral e�ect 
on fracture risk.22-24 Furthermore, the e�ect of SU on bone 
metabolism and BMD seem to be neutral as well. However, the 
high risk of hypoglycaemia may increase the number of falls and 
fractures, and this should be taken into account when selecting 
therapy for these patients. 

Thiazolidinediones (TZDs)

TZDs are peroxisome proliferator-activated receptor Υ agonists 
that modulate gene expression, resulting in improved glucose 
uptake, beta-cell function and insulin sensitivity. Studies have 
shown that TZDs may potentially reduce bone density and 
increase fractures risks compared with other antidiabetic 
medications.22 �is e�ect has now been con�rmed in 
randomised studies and meta analyses.25-27 �is risk was similar 
with pioglitazone and rosiglitazone, did not vary with age and 
was associated with reductions in BMD.28 �e risk was also 
reported to be higher in women and those above 65 years old29

with a reduction in risk following discontinuation of the 
TZD.30 A key part of the TZD action is the activation of 
adipogenesis, for which peroxisome proliferator-activated 
receptor Υ is required. Adipocytes and osteoblasts are both 
derived from mesenchymal, and activation of adipogenesis is 

known to be associated with suppression of regulators of bone 
di�erentiation.31 �us, the e�ects of TZDs on bone are closely 
linked to their metabolic e�ects, and it should be avoided in 
women who are at increased fracture risk.

Dipeptidyl peptidase -4 inhibitor (DPP-4i)

DPP-4i are oral antidiabetic medications that inhibit the 
enzyme DPP-4, and its inhibition would potentially a�ect 
glucose regulation through multiple e�ects. �e SAVOR-TIMI 
trial found no e�ect of saxagliptin on fracture risk32 and a 
meta-analysis of various medications in this category found a 
protective e�ect on fracture prevention.33 However, a recent 
post hoc analysis of 20 randomised clinical trials (RCTs) found 
a slightly higher incidence of fractures with saxagliptin as 
compared to the control group.34 �e TECOS trial with 
sitagliptin found a neutral e�ect on fractures.35 �us, taken 
together, there are more data supportive of a more neutral e�ect 
of this class of drugs on fractures. Further studies are needed to 
con�rm any possible bene�cial e�ect on bone protection.

Glucagon-like peptide-1 receptor agonist (GLP1 RA)

GLP1 RA potentiates glucose induced insulin secretion and 
inhibits glucagon release. �ey also delay gastric emptying, 
reduce appetite and induces signi�cant weight loss. A 
meta-analysis of clinical trials found no e�ect of treatment on 
fractures as serious adverse events36, although a meta-analysis 
found a protective e�ect of liraglutide and a negative e�ect of 
exenatide.37 However, none of the studies included was 
powered for bone outcomes. �us, these results should be 
interpreted with caution. 

Sodium-Glucose Transport Protein 2-Inhibitors 
(SGLT2-i)

SGLT2i inhibits the sodium-glucose cotransporters, resulting 
in loss of glucose through urine and reduction in glucose 
concentrations. Several agents are available in this class, of 
which canagli�ozin has been demonstrated to potentially exert 
negative e�ects on bone density, bone resorption and fracture 
risk at the hip.38-39 �is increased fracture risk was seen more 
commonly in those who were older, with a past history of 
cardiovascular diseases, lower baseline glomerular �ltration rate 
and higher baseline diuretic use and may be mediated by 
increased falls. �is has now resulted in the revision of the 
labelling of this drug and addition of new warning by the U.S. 
Food and Drug Administration in September 2015. 
Empagli�ozin and dapagli�ozin have not been shown to exert 
signi�cant changes in BMD, bone markers, or fracture risk and 
are thought to have a neutral e�ect on bone.40-41 Further studies 
are needed to elucidate the long-term safety and mechanism of 
bone loss in this new class of drug.

Insulin

�ere are no speci�c RCT designed to investigate the e�ects of 
insulin on bone health. However, it has been consistently 
shown that patients who are treated with insulin in general 

present with an increased prevalence of fracture. Higher fracture 
risks are also associated with longer duration of diabetes, 
presence of more DM complications, increased risk of falls, and 
increased incidence of hypoglycaemia.

Bariatric surgery

Bariatric surgery is now a well-established therapeutic option in 
DM2 patients with BMI > 35 (Asian 32.5) kg/m2. �is has been 
recognised as the most e�ective way to sustain weight loss and 
improve glycaemic control requiring fewer medications. 
However, studies have shown that fracture risk seems to be 
increased between one to two years after surgery and is more 
associated with biliopancreatic diversions and Roux-en-Y gastric 
bypass. It is unclear whether sleeve gastrectomy is safe for 
skeletal health as it is a new procedure, and its skeletal e�ects 
have not been well de�ned.42

2. Fracture risk assessment in DM2 patients

2.1 Dual-energy X-ray absorptiometry (DXA) 
scans limitations and pitfalls

DM2 patients, despite their higher fracture risks, are known to 
have a �ve to ten percent higher areal BMD compared to 
non-DM2 subjects.43-44 �e increase in BMD was more 
pronounced in younger men, presence of higher BMI and 
higher HbA1C. However, these meta-analyses had substantial 
heterogeneity in the study designs and de�nitions of DM2.44

�is relatively higher BMD in those with DM2 implies that an 
even lower proportion of subjects with a fracture will have a 
BMD T score < -2.5 ( i.e. in the osteoporotic range) than 
among the non-DM2 population.45 Studies have shown that for 
a given BMD T score, the fracture risk was higher in DM2 
patients compared to those without DM2. Moreover, a T-score 
in a woman with DM2 is associated with hip fracture risk is 
equivalent to a woman without DM2 with a T score of 
approximately 0.5 units lower. Nevertheless, data have clearly 
con�rmed that while BMD systemically underestimates fracture 
risk, it still strati�ed fracture risk in elderly patients with 
DM2.46

Some studies suggest that DM2 may be associated with a more 
rapid bone loss which may result in increased fracture risks.47-48

Trabecular Bone Score (TBS) is a grey–level textural metric that 
is obtained from lumbar spine dual-energy X-ray 
absorptiometry (DXA) images. Decreased TBS has been found 
to be associated with an elevated risk for osteoporotic fractures 
independent of BMD in cohort studies. �ese results were 
con�rmed by a recent meta-analysis of prospective cohort 
data49 and adopted as evidence in position papers.50-51 

However, studies in di�erent ethnic groups have shown variable 
results, particularly with respect to each gender.52-53 Recent 
analyses indicate that TBS evaluated on DXA scans is inversely 
related to BMI and abdominal fat54, whether TBS represents 
alterations of bone structure in diabetes, therefore, remains 
unknown.

2.2 Other measures of bone quality

Since reduced BMD alone does not fully explain increased in 
fracture risk and bone fragility in DM2 patients, there are 
ongoing studies looking into other techniques in measuring 
bone quality. �ese include HR-pQCT (Xtreme CT) at the 
distal radius and/or tibia, and studies in postmenopausal 
women with DM2 showed a trend toward greater cortical 
porosity compared to controls.55 Trabecular bone volume is 
more heterogeneous and is preserved in patients with DM2. 
Further studies have also shown that DM2 patients with 
microvascular disease demonstrated cortical de�cits on 
HR-pQCT. Higher cortical porosity in mid cortical and 
periosteal layers in DM2 patients with prior fracture compared 
to DM2 patients without history of fractures suggests that these 
cortical sub-compartments may be sensitive to DM2 induced 
toxicity and may re�ect microvascular disease.15, 56

Other measurements of bone strength, such as micro�nite 
element analysis and microindentation of the tibia outer cortex 
have shown lower results compared to control.57-58 However, 
these methods of measurement of bone strength are yet to be 
made accessible outside the research context.

3. Anti-Osteoporosis treatments in DM2 patients

No randomised clinical trials have directly evaluated the 
anti-fracture e�cacy of osteoporosis treatment in diabetic 
patients. �e clinical evidence regarding the e�cacy of 
anti-osteoporosis treatments in diabetic patients is provided by 
post hoc analyses in subgroups from randomised clinical trials 
enrolling osteoporosis patients and from a few observational 
studies.

In the Fracture Intervention Trial (FIT), postmenopausal 
women including DM2 patients with femoral T score < -1.6 
were randomly treated with alendronate or placebo for three 
years. In a post hoc analysis, it was reported that DM2 status 
did not alter the e�ect of alendronate on BMD gain versus 
placebo.59 Data extracted from the Danish national prescription 
registry reported that DM2 with or without complications did 
not in�uence fracture risk in patients who adhered to 
alendronate.60 In osteoporotic Japanese women with DM2, 
risedronate treatment showed similar responses in BMD of LS 
Spine and bone markers between DM2 and non-DM2 
patients.61 

Data are not available currently speci�cally evaluations DM2 
patients in their response to IV bisphosphonates and 
denosumab. Anti-fracture e�cacy of raloxifene was similar 
between patients with and without DM2 in the RUTH 
(Raloxifene Use for �e Heart) trial62 and in a Danish cohort. 
Teriparatide treatment had a similar e�ect in DM2 versus 
non-DM2 patients on vertebral and hip BMD.63 However, its 
e�ects speci�cally on bone strength and fracture risk remain to 
be speci�cally evaluated.

New and future osteoporosis medications

Abaloparatide may have potential in the treatment of bone 
fragility in DM2 as it can stimulate bone formation with a lesser 
increase in bone resorption. Romosozumab, an anti-sclerostin 
antibody, is currently under investigation as a new anabolic 
treatment and has been shown to enhance bone mass and 
strength in animal diabetic models.64 Whether this would 
translate to better bone health in DM2 patient remains to be 
seen. Recent signals of increased cardiovascular risk are of 
potential concerns, especially in DM2 patients.65 Further 
prospective studies are needed to understand this better. 

4. Management of bone fragility in DM2 patients

Figure 1 shows a suggested algorithm for diagnosing 
osteoporosis and initiation of treatment in DM2 patients. �e 
criteria are based on the presence of fragility fracture and/or a 
low BMD.66 

BMD intervention threshold of T < -2.0 have been adopted in 
this algorithm to allow for the paradoxically elevated BMD 
results in DM2 patients. However, this suggested adjustment 
and cut-o� have not been validated in the Asian and middle 
eastern population. 

FRAX computation in DM2 patient has also been suggested to 
be adjusted to take into account DM2 as a risk factor for 
fractures. Conventional clinical risk factors can be employed to 
identify DM2 patients at increased fracture risk. However, it is 
worth noting that FRAX does not fully capture the risk of 
osteoporotic fractures in DM2 patients and systematically 
underestimates fracture risk. Hence for a given FRAX score, 
fracture risk of a DM2 patient is in fact higher compared to a 
non-DM2 patient. FRAX adjustments have been proposed as 
follows, and either of these options may be adopted:45, 67

- Substitute Rheumatoid Arthritis as type 2 DM in FRAX
- Reducing the T score by 0.5 deviations
- Adding ten years into the age

4.1 General measures 

Lifestyle intervention 

Lifestyle intervention is always recommended in patients with 
DM2 and is the basis of any clinical guidelines. However, 
weight loss is associated with both muscle and bone loss that 
may increase the risk of bone fragility and sarcopenia.68 �us, 
adequate protein intake and weight-bearing exercises are 
important to prevent sarcopenia and sarcopenic-obesity69. 
Physical activity helps to prevent bone loss during weight loss 
program and is associated with decreased sclerostin and 
improvement in quality of life.70 Other lifestyle measures such 
as avoidance of smoking and limiting alcohol intake (less than 
three units per day) are also essential. 

Lower levels of 25-hydroxy-vitamin D levels have also been 
associated with DM2 as well, mostly in the obese and 

insulin-resistant states. Although the bene�ts of vitamin D 
supplementation on bone have not been demonstrated in 
diabetics, by analogy with the non-DM2 patient, a daily 
vitamin D intake of 800 IU/d may be recommended. 
Progressive higher doses of vitamin D may be required to 
achieve optimal serum levels of vitamin D. An adequate calcium 
intake (preferably from diet,100 mg/day) is recommended as 
well.

Glycaemic control

Good glycaemic control and prevention of chronic 
hyperglycaemia are important in reducing advanced glycation 
end products (AGEs), glycation of collagen and microvascular 
complications which are important in the maintenance of 
skeletal health. Glycaemic targets should be individualised, 
balancing the demonstrated bene�ts of prevention of 
microvascular complications and risk of hypoglycaemia. 
Antidiabetic treatments such as thiazolidinediones should be 
avoided in DM2 patients with osteoporosis and risk of fragility 
fractures. Canagli�ozin, although not necessarily all SGLT2i, 
should be avoided in these patients as well. 

4.2 Pharmacologic therapy

In addition to lifestyle measures, patients at high risk of 
fractures should receive pharmacological therapy. At the current 
time and in the absence of strong evidence against, 
bisphosphonates remain the �rst choice for osteoporosis 
treatment in DM2 patients. Although there are no speci�c data 
on DM2 patients on the e�cacy of denosumab, this may be a 
preferred treatment option, especially in patients who have 
renal impairment or are unable to tolerate bisphosphonates. 
However, the use and potential bene�t of anti-resorptive drugs 
in patients with DM2 who are characterised by near normal 
BMD and/or low bone turnover markers whose bone fragility 
may mostly result from poor bone material properties remains 
unproven and needs further studies. In this context, anabolic 
agents such as teriparatide, abaloparatide or romosozumab 
present a potential interest. Table 2 depicts a summary of the 
e�ect of anti-osteoporosis medications on BMD and fracture 
risks in DM2 patients. 

CONCLUSION

�e pathophysiology of fragility fractures in DM2 patients is 
complex and multifactorial. Longitudinal studies have 
established the limitation of current tools such as BMD and 
FRAX in estimating fracture risks. �e optimal management of 
fragility fractures in DM2 patients has yet to be established in 
long term prospective studies. �e current consensus is based on 
expert opinions and working group, which may change as the 
data evolves in this area. Good glycaemic control, lifestyle 
intervention and exercise remain important cornerstone of 
osteoporosis treatment in DM2 patients. Anti-osteoporosis 
treatments should be started in DM2 patients with a history of 
fragility fracture or at risk of fragility fractures. Future studies 
and new trials will further evaluate and prospectively investigate 
the e�cacy and safety of osteoporosis treatment in DM2 

patients. 
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collagen is thought to contribute to lower bone formation. 
Together with low bone turnover, reduction in unmineralized 
matrix, and increased collagen glycation may contribute to 
increased fragility of diabetic bone.8 Recent studies have also 
shown that AGEs accumulation with altered mineral maturity 
a�ects the quality of bone independent of bone volume 
fraction, which may explain the epidemiological evidence that 
in DM2 patients who despite paradoxically having higher 
quantity of bone have higher risk of fragility fracture.9 In 
histomorphometric and biochemical studies of diabetes 
patients, bone turnover is low with a reduction in both bone 
formation and, to a lesser degree bone resorption.10 Bone 
turnover may also be a�ected by late stages of DM2 
complications such as renal failure associated adynamic bone 
disease. 

1. Diabetes-related risk factors for fragility 
fractures

�e mechanism for increased fragility fractures in DM2 is 
complex, but it is likely multifactorial and can be divided into 
factors related to glycaemic control, anti-diabetic medications 
and disease complications. 

1.1 DM2 Glycaemic control and complications

Chronic hyperglycaemia exposes excess glucose to the free 
amino acids in circulation or tissue proteins. �is 
non-enzymatic process initially forms reversible early glycation 
products and later, irreversible advanced glycation end products 
(AGEs). �e accumulation of AGEs in bone matrix as a result of 
hyperglycaemia alters collagen structure, impacts osteoblasts 
and osteoclasts function, increases bone marrow adiposity, 
release in�ammatory cytokines, and alters osteocyte number 
and function, all of which contribute to reducing bone 
quality.11-12 AGEs also contribute to the development of 
microvascular complications. 

Microvascular complications may a�ect the bone 
microvasculature with shifts in production to adipocytes and 
away from osteoblasts, resulting in an increase in bone marrow 
adiposity. Some studies have demonstrated an association of 
bone marrow adiposity with fractures and glycated 
haemoglobin (A1C) level or fractures.13-14 DM2 patients with 
microvascular complications have been shown in studies to have 
cortical bone de�cits.15 

In addition, microvascular complications such as sensory 
neuropathy and retinopathy with visual impairment increase 
the risk of falling. Older diabetic women have also been 
reported to have an increased risk of falling.16
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INTRODUCTION

Epidemiology - DM2 and fragility fractures

Diabetes and fragility fractures are both major global health 
challenges. �e global prevalence of diabetes among adults over 
18 years has risen from 4.7 percent in 1980 to 8.5 percent in 
2014.1  Worldwide, one in three women, as well as one in �ve 
men over the age of 50 years old, will experience osteoporotic 
fractures.2 Asians, especially South Asians, are predisposed 
toward DM2 to a greater extent than Caucasians.3 Singapore 
has a prevalence of DM2 at 10.5 percent which is higher than 
the world average of 8.8 percent, with estimates of prevalence 
rising to 15 percent in 2050.4  It is also projected that more 
than 50 percent of all fragility fractures will occur in Asia by the 
year 2050.5 Studies have shown that patients with DM2 have a 
higher risk of fragility fracture, including a 40 percent to 70 
percent increased fracture risk at the hip.6-7 Taken together, this 
implies a burgeoning epidemic of diabetes and fragility 
fractures, especially in Asian countries such as Singapore.

DM2 and Bone Metabolism

Patients with DM2 typically have lower bone turnover, and the 
accumulation of advanced glycation end-products (AGEs) in 
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1.2 Impact of DM2 medications on fracture risk17

Although lifestyle intervention is the cornerstone of 
management for patients with DM2, most patients eventually 
require pharmacological therapy. Many agents are available 
with di�erential e�ects on bone metabolism. Metformin, 
sulfonylurea, thiazolidinediones (TZDs), dipeptidyl peptidase 4 
inhibitors (DPP-4i), glucagon-like peptide 1 receptor agonists 
(GLP-1RA), sodium-glucose co-transporter 2 (SGLT2) 
inhibitor and insulin are the most commonly used medications. 
Table 1 depicts a summary of the e�ects of these DM2 
medications on BMD and fracture risks. Furthermore, bariatric 
surgery is now included in the therapeutic armamentarium for 
DM2. 

Metformin

Metformin primarily decreases hepatic glucose production by 
inhibiting key enzymes for gluconeogenesis and enhances 
peripheral insulin sensitivity. Experimental studies have 
indicated bene�cial e�ects on bone formation, whereas large 
clinical studies resulted in neutral or positive e�ects on BMD 
and fracture risk in di�erent and various large patient cohorts.18 

�ere is no current evidence from randomised controlled trials. 
However, these observational data strongly suggest a protective 
role of metformin on bone health.19-21 

Sulfonylureas (SU)

SU are SU receptor-1 agonists, which initiate inhibition of the 
adenosine triphosphate sensitive K+ channel and results in the 
depolarization of cell membrane, leading to increased 
endogenous insulin secretion. With the exception of the 
Osteoporotic Fractures in Men (MrOS) study18, which suggests 
that SU increase fracture risk in old men with DM2, the rest of 
the studies are indicative of a bene�cial or at least neutral e�ect 
on fracture risk.22-24 Furthermore, the e�ect of SU on bone 
metabolism and BMD seem to be neutral as well. However, the 
high risk of hypoglycaemia may increase the number of falls and 
fractures, and this should be taken into account when selecting 
therapy for these patients. 

Thiazolidinediones (TZDs)

TZDs are peroxisome proliferator-activated receptor Υ agonists 
that modulate gene expression, resulting in improved glucose 
uptake, beta-cell function and insulin sensitivity. Studies have 
shown that TZDs may potentially reduce bone density and 
increase fractures risks compared with other antidiabetic 
medications.22 �is e�ect has now been con�rmed in 
randomised studies and meta analyses.25-27 �is risk was similar 
with pioglitazone and rosiglitazone, did not vary with age and 
was associated with reductions in BMD.28 �e risk was also 
reported to be higher in women and those above 65 years old29

with a reduction in risk following discontinuation of the 
TZD.30 A key part of the TZD action is the activation of 
adipogenesis, for which peroxisome proliferator-activated 
receptor Υ is required. Adipocytes and osteoblasts are both 
derived from mesenchymal, and activation of adipogenesis is 

known to be associated with suppression of regulators of bone 
di�erentiation.31 �us, the e�ects of TZDs on bone are closely 
linked to their metabolic e�ects, and it should be avoided in 
women who are at increased fracture risk.

Dipeptidyl peptidase -4 inhibitor (DPP-4i)

DPP-4i are oral antidiabetic medications that inhibit the 
enzyme DPP-4, and its inhibition would potentially a�ect 
glucose regulation through multiple e�ects. �e SAVOR-TIMI 
trial found no e�ect of saxagliptin on fracture risk32 and a 
meta-analysis of various medications in this category found a 
protective e�ect on fracture prevention.33 However, a recent 
post hoc analysis of 20 randomised clinical trials (RCTs) found 
a slightly higher incidence of fractures with saxagliptin as 
compared to the control group.34 �e TECOS trial with 
sitagliptin found a neutral e�ect on fractures.35 �us, taken 
together, there are more data supportive of a more neutral e�ect 
of this class of drugs on fractures. Further studies are needed to 
con�rm any possible bene�cial e�ect on bone protection.

Glucagon-like peptide-1 receptor agonist (GLP1 RA)

GLP1 RA potentiates glucose induced insulin secretion and 
inhibits glucagon release. �ey also delay gastric emptying, 
reduce appetite and induces signi�cant weight loss. A 
meta-analysis of clinical trials found no e�ect of treatment on 
fractures as serious adverse events36, although a meta-analysis 
found a protective e�ect of liraglutide and a negative e�ect of 
exenatide.37 However, none of the studies included was 
powered for bone outcomes. �us, these results should be 
interpreted with caution. 

Sodium-Glucose Transport Protein 2-Inhibitors 
(SGLT2-i)

SGLT2i inhibits the sodium-glucose cotransporters, resulting 
in loss of glucose through urine and reduction in glucose 
concentrations. Several agents are available in this class, of 
which canagli�ozin has been demonstrated to potentially exert 
negative e�ects on bone density, bone resorption and fracture 
risk at the hip.38-39 �is increased fracture risk was seen more 
commonly in those who were older, with a past history of 
cardiovascular diseases, lower baseline glomerular �ltration rate 
and higher baseline diuretic use and may be mediated by 
increased falls. �is has now resulted in the revision of the 
labelling of this drug and addition of new warning by the U.S. 
Food and Drug Administration in September 2015. 
Empagli�ozin and dapagli�ozin have not been shown to exert 
signi�cant changes in BMD, bone markers, or fracture risk and 
are thought to have a neutral e�ect on bone.40-41 Further studies 
are needed to elucidate the long-term safety and mechanism of 
bone loss in this new class of drug.

Insulin

�ere are no speci�c RCT designed to investigate the e�ects of 
insulin on bone health. However, it has been consistently 
shown that patients who are treated with insulin in general 

present with an increased prevalence of fracture. Higher fracture 
risks are also associated with longer duration of diabetes, 
presence of more DM complications, increased risk of falls, and 
increased incidence of hypoglycaemia.

Bariatric surgery

Bariatric surgery is now a well-established therapeutic option in 
DM2 patients with BMI > 35 (Asian 32.5) kg/m2. �is has been 
recognised as the most e�ective way to sustain weight loss and 
improve glycaemic control requiring fewer medications. 
However, studies have shown that fracture risk seems to be 
increased between one to two years after surgery and is more 
associated with biliopancreatic diversions and Roux-en-Y gastric 
bypass. It is unclear whether sleeve gastrectomy is safe for 
skeletal health as it is a new procedure, and its skeletal e�ects 
have not been well de�ned.42

2. Fracture risk assessment in DM2 patients

2.1 Dual-energy X-ray absorptiometry (DXA) 
scans limitations and pitfalls

DM2 patients, despite their higher fracture risks, are known to 
have a �ve to ten percent higher areal BMD compared to 
non-DM2 subjects.43-44 �e increase in BMD was more 
pronounced in younger men, presence of higher BMI and 
higher HbA1C. However, these meta-analyses had substantial 
heterogeneity in the study designs and de�nitions of DM2.44

�is relatively higher BMD in those with DM2 implies that an 
even lower proportion of subjects with a fracture will have a 
BMD T score < -2.5 ( i.e. in the osteoporotic range) than 
among the non-DM2 population.45 Studies have shown that for 
a given BMD T score, the fracture risk was higher in DM2 
patients compared to those without DM2. Moreover, a T-score 
in a woman with DM2 is associated with hip fracture risk is 
equivalent to a woman without DM2 with a T score of 
approximately 0.5 units lower. Nevertheless, data have clearly 
con�rmed that while BMD systemically underestimates fracture 
risk, it still strati�ed fracture risk in elderly patients with 
DM2.46

Some studies suggest that DM2 may be associated with a more 
rapid bone loss which may result in increased fracture risks.47-48

Trabecular Bone Score (TBS) is a grey–level textural metric that 
is obtained from lumbar spine dual-energy X-ray 
absorptiometry (DXA) images. Decreased TBS has been found 
to be associated with an elevated risk for osteoporotic fractures 
independent of BMD in cohort studies. �ese results were 
con�rmed by a recent meta-analysis of prospective cohort 
data49 and adopted as evidence in position papers.50-51 

However, studies in di�erent ethnic groups have shown variable 
results, particularly with respect to each gender.52-53 Recent 
analyses indicate that TBS evaluated on DXA scans is inversely 
related to BMI and abdominal fat54, whether TBS represents 
alterations of bone structure in diabetes, therefore, remains 
unknown.

2.2 Other measures of bone quality

Since reduced BMD alone does not fully explain increased in 
fracture risk and bone fragility in DM2 patients, there are 
ongoing studies looking into other techniques in measuring 
bone quality. �ese include HR-pQCT (Xtreme CT) at the 
distal radius and/or tibia, and studies in postmenopausal 
women with DM2 showed a trend toward greater cortical 
porosity compared to controls.55 Trabecular bone volume is 
more heterogeneous and is preserved in patients with DM2. 
Further studies have also shown that DM2 patients with 
microvascular disease demonstrated cortical de�cits on 
HR-pQCT. Higher cortical porosity in mid cortical and 
periosteal layers in DM2 patients with prior fracture compared 
to DM2 patients without history of fractures suggests that these 
cortical sub-compartments may be sensitive to DM2 induced 
toxicity and may re�ect microvascular disease.15, 56

Other measurements of bone strength, such as micro�nite 
element analysis and microindentation of the tibia outer cortex 
have shown lower results compared to control.57-58 However, 
these methods of measurement of bone strength are yet to be 
made accessible outside the research context.

3. Anti-Osteoporosis treatments in DM2 patients

No randomised clinical trials have directly evaluated the 
anti-fracture e�cacy of osteoporosis treatment in diabetic 
patients. �e clinical evidence regarding the e�cacy of 
anti-osteoporosis treatments in diabetic patients is provided by 
post hoc analyses in subgroups from randomised clinical trials 
enrolling osteoporosis patients and from a few observational 
studies.

In the Fracture Intervention Trial (FIT), postmenopausal 
women including DM2 patients with femoral T score < -1.6 
were randomly treated with alendronate or placebo for three 
years. In a post hoc analysis, it was reported that DM2 status 
did not alter the e�ect of alendronate on BMD gain versus 
placebo.59 Data extracted from the Danish national prescription 
registry reported that DM2 with or without complications did 
not in�uence fracture risk in patients who adhered to 
alendronate.60 In osteoporotic Japanese women with DM2, 
risedronate treatment showed similar responses in BMD of LS 
Spine and bone markers between DM2 and non-DM2 
patients.61 

Data are not available currently speci�cally evaluations DM2 
patients in their response to IV bisphosphonates and 
denosumab. Anti-fracture e�cacy of raloxifene was similar 
between patients with and without DM2 in the RUTH 
(Raloxifene Use for �e Heart) trial62 and in a Danish cohort. 
Teriparatide treatment had a similar e�ect in DM2 versus 
non-DM2 patients on vertebral and hip BMD.63 However, its 
e�ects speci�cally on bone strength and fracture risk remain to 
be speci�cally evaluated.

New and future osteoporosis medications

Abaloparatide may have potential in the treatment of bone 
fragility in DM2 as it can stimulate bone formation with a lesser 
increase in bone resorption. Romosozumab, an anti-sclerostin 
antibody, is currently under investigation as a new anabolic 
treatment and has been shown to enhance bone mass and 
strength in animal diabetic models.64 Whether this would 
translate to better bone health in DM2 patient remains to be 
seen. Recent signals of increased cardiovascular risk are of 
potential concerns, especially in DM2 patients.65 Further 
prospective studies are needed to understand this better. 

4. Management of bone fragility in DM2 patients

Figure 1 shows a suggested algorithm for diagnosing 
osteoporosis and initiation of treatment in DM2 patients. �e 
criteria are based on the presence of fragility fracture and/or a 
low BMD.66 

BMD intervention threshold of T < -2.0 have been adopted in 
this algorithm to allow for the paradoxically elevated BMD 
results in DM2 patients. However, this suggested adjustment 
and cut-o� have not been validated in the Asian and middle 
eastern population. 

FRAX computation in DM2 patient has also been suggested to 
be adjusted to take into account DM2 as a risk factor for 
fractures. Conventional clinical risk factors can be employed to 
identify DM2 patients at increased fracture risk. However, it is 
worth noting that FRAX does not fully capture the risk of 
osteoporotic fractures in DM2 patients and systematically 
underestimates fracture risk. Hence for a given FRAX score, 
fracture risk of a DM2 patient is in fact higher compared to a 
non-DM2 patient. FRAX adjustments have been proposed as 
follows, and either of these options may be adopted:45, 67

- Substitute Rheumatoid Arthritis as type 2 DM in FRAX
- Reducing the T score by 0.5 deviations
- Adding ten years into the age

4.1 General measures 

Lifestyle intervention 

Lifestyle intervention is always recommended in patients with 
DM2 and is the basis of any clinical guidelines. However, 
weight loss is associated with both muscle and bone loss that 
may increase the risk of bone fragility and sarcopenia.68 �us, 
adequate protein intake and weight-bearing exercises are 
important to prevent sarcopenia and sarcopenic-obesity69. 
Physical activity helps to prevent bone loss during weight loss 
program and is associated with decreased sclerostin and 
improvement in quality of life.70 Other lifestyle measures such 
as avoidance of smoking and limiting alcohol intake (less than 
three units per day) are also essential. 

Lower levels of 25-hydroxy-vitamin D levels have also been 
associated with DM2 as well, mostly in the obese and 

insulin-resistant states. Although the bene�ts of vitamin D 
supplementation on bone have not been demonstrated in 
diabetics, by analogy with the non-DM2 patient, a daily 
vitamin D intake of 800 IU/d may be recommended. 
Progressive higher doses of vitamin D may be required to 
achieve optimal serum levels of vitamin D. An adequate calcium 
intake (preferably from diet,100 mg/day) is recommended as 
well.

Glycaemic control

Good glycaemic control and prevention of chronic 
hyperglycaemia are important in reducing advanced glycation 
end products (AGEs), glycation of collagen and microvascular 
complications which are important in the maintenance of 
skeletal health. Glycaemic targets should be individualised, 
balancing the demonstrated bene�ts of prevention of 
microvascular complications and risk of hypoglycaemia. 
Antidiabetic treatments such as thiazolidinediones should be 
avoided in DM2 patients with osteoporosis and risk of fragility 
fractures. Canagli�ozin, although not necessarily all SGLT2i, 
should be avoided in these patients as well. 

4.2 Pharmacologic therapy

In addition to lifestyle measures, patients at high risk of 
fractures should receive pharmacological therapy. At the current 
time and in the absence of strong evidence against, 
bisphosphonates remain the �rst choice for osteoporosis 
treatment in DM2 patients. Although there are no speci�c data 
on DM2 patients on the e�cacy of denosumab, this may be a 
preferred treatment option, especially in patients who have 
renal impairment or are unable to tolerate bisphosphonates. 
However, the use and potential bene�t of anti-resorptive drugs 
in patients with DM2 who are characterised by near normal 
BMD and/or low bone turnover markers whose bone fragility 
may mostly result from poor bone material properties remains 
unproven and needs further studies. In this context, anabolic 
agents such as teriparatide, abaloparatide or romosozumab 
present a potential interest. Table 2 depicts a summary of the 
e�ect of anti-osteoporosis medications on BMD and fracture 
risks in DM2 patients. 

CONCLUSION

�e pathophysiology of fragility fractures in DM2 patients is 
complex and multifactorial. Longitudinal studies have 
established the limitation of current tools such as BMD and 
FRAX in estimating fracture risks. �e optimal management of 
fragility fractures in DM2 patients has yet to be established in 
long term prospective studies. �e current consensus is based on 
expert opinions and working group, which may change as the 
data evolves in this area. Good glycaemic control, lifestyle 
intervention and exercise remain important cornerstone of 
osteoporosis treatment in DM2 patients. Anti-osteoporosis 
treatments should be started in DM2 patients with a history of 
fragility fracture or at risk of fragility fractures. Future studies 
and new trials will further evaluate and prospectively investigate 
the e�cacy and safety of osteoporosis treatment in DM2 

patients. 
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collagen is thought to contribute to lower bone formation. 
Together with low bone turnover, reduction in unmineralized 
matrix, and increased collagen glycation may contribute to 
increased fragility of diabetic bone.8 Recent studies have also 
shown that AGEs accumulation with altered mineral maturity 
a�ects the quality of bone independent of bone volume 
fraction, which may explain the epidemiological evidence that 
in DM2 patients who despite paradoxically having higher 
quantity of bone have higher risk of fragility fracture.9 In 
histomorphometric and biochemical studies of diabetes 
patients, bone turnover is low with a reduction in both bone 
formation and, to a lesser degree bone resorption.10 Bone 
turnover may also be a�ected by late stages of DM2 
complications such as renal failure associated adynamic bone 
disease. 

1. Diabetes-related risk factors for fragility 
fractures

�e mechanism for increased fragility fractures in DM2 is 
complex, but it is likely multifactorial and can be divided into 
factors related to glycaemic control, anti-diabetic medications 
and disease complications. 

1.1 DM2 Glycaemic control and complications

Chronic hyperglycaemia exposes excess glucose to the free 
amino acids in circulation or tissue proteins. �is 
non-enzymatic process initially forms reversible early glycation 
products and later, irreversible advanced glycation end products 
(AGEs). �e accumulation of AGEs in bone matrix as a result of 
hyperglycaemia alters collagen structure, impacts osteoblasts 
and osteoclasts function, increases bone marrow adiposity, 
release in�ammatory cytokines, and alters osteocyte number 
and function, all of which contribute to reducing bone 
quality.11-12 AGEs also contribute to the development of 
microvascular complications. 

Microvascular complications may a�ect the bone 
microvasculature with shifts in production to adipocytes and 
away from osteoblasts, resulting in an increase in bone marrow 
adiposity. Some studies have demonstrated an association of 
bone marrow adiposity with fractures and glycated 
haemoglobin (A1C) level or fractures.13-14 DM2 patients with 
microvascular complications have been shown in studies to have 
cortical bone de�cits.15 

In addition, microvascular complications such as sensory 
neuropathy and retinopathy with visual impairment increase 
the risk of falling. Older diabetic women have also been 
reported to have an increased risk of falling.16
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INTRODUCTION

Epidemiology - DM2 and fragility fractures

Diabetes and fragility fractures are both major global health 
challenges. �e global prevalence of diabetes among adults over 
18 years has risen from 4.7 percent in 1980 to 8.5 percent in 
2014.1  Worldwide, one in three women, as well as one in �ve 
men over the age of 50 years old, will experience osteoporotic 
fractures.2 Asians, especially South Asians, are predisposed 
toward DM2 to a greater extent than Caucasians.3 Singapore 
has a prevalence of DM2 at 10.5 percent which is higher than 
the world average of 8.8 percent, with estimates of prevalence 
rising to 15 percent in 2050.4  It is also projected that more 
than 50 percent of all fragility fractures will occur in Asia by the 
year 2050.5 Studies have shown that patients with DM2 have a 
higher risk of fragility fracture, including a 40 percent to 70 
percent increased fracture risk at the hip.6-7 Taken together, this 
implies a burgeoning epidemic of diabetes and fragility 
fractures, especially in Asian countries such as Singapore.

DM2 and Bone Metabolism

Patients with DM2 typically have lower bone turnover, and the 
accumulation of advanced glycation end-products (AGEs) in 
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Table 1: Effects of Diabetes Medications on Bone Mineral Density (BMD) and the risk of fracture in 
DM2 patients 

Patients with type 2 diabetes have an increased risk of fracture despite paradoxically higher BMD 

values.

Individualised glycaemic control with the use of medications that have been shown to have lower 

risk in worsening BMD and increasing risk of fragility fracture is important in managing DM2 

patients with risk of fragility fractures.

Current anti-osteoporosis treatments are recommended for DM2 patients with fragility fractures 

and at risk of fragility fractures. 

FRAX underestimates the risk of fracture, and several adjustments can be made to reflect this 

which includes lowering the T score by 0.5 SD, substitute Rheumatoid Arthritis as type 2 DM in 

FRAX, and adding ten years into the age.

LEARNING POINTS

•

•

•

•

 

Medications BMD Fracture risk 
Metformin = / ↑ ↓ / = 
Sulphonylureas NA ↓ / =/ ↑ 
Thiazolidinediones ↓ ↓ / = ↑↑/ = 
Incretins 
 GLP1 analogue 
 DPP4 inhibitor 

↑/ = 
-- 

= 
↓ / = 

SGLT2 inhibitors = = / ↑ 
Insulin = ↑ 

*↑ increase, ↓decrease, = unchanged, NA not available, GLP glucagon like peptide, DPP4 
dipeptidyl peptidase inhibitor 4, SGLT2 sodium/glucose cotransporter 2 

Table 2: Effects of Osteoporosis Medications on Bone Mineral Density (BMD) and Fracture Risk in 
DM2 Patients

Medications BMD Risk of fracture 
Alendronate ↑ NA / = 
Risedronate NA = 
Raloxifene ↑ ↓ / = 
Denosumab NA NA 
Teriparatide ↑ = 
 *↑ increase, ↓decrease, = unchanged, NA not available



Figure 1: Fracture risk evaluation in patients with DM2 

Table 3: Risk factors for fractures in Diabetes 
Common risk factors 

- FRAX Clinical Risk Factors * (Age, sex, weight, height, previous fracture, family
history of hip fracture, current smoking, glucocorticoid, rheumatoid arthritis,
alcohol, BMD)

- Low BMD
- Recurrent falls

Disease-specific risk factors 
- Diabetes duration > five years
- Diabetes medication: insulin, TZDs, possibly SGLT2i (canagliflozin)
- HbA1c > 7 percent
- Microvascular complications: peripheral and autonomic neuropathy, retinopathy,

nephropathy
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