
Patients with type 2 diabetes mellitus (T2DM) are at 
increased risk of fracture and fracture-associated con-
sequences. The underlying metabolic contributors to 
skeletal fragility in T2DM are complex and include 

obesity, hyperinsulinaemia, hyperglycaemia and certain diabetes 
medications. Bone mineral density (BMD) is usually relatively 
preserved when measured by dual-energy x-ray absorptiometry 
(DXA) and alternative imaging modalities may provide greater 
assessment of skeletal fragility. Current fracture risk calculators 
underestimate fracture risk in patients with T2DM and com-
mencement of osteoporosis-specific therapy may be overlooked. 
Adjusted fracture risk calculators and treatment thresholds 
should consider T2DM to ensure this vulnerable group of patients 
receives timely and appropriate skeletal management.

The burden of skeletal fragility in T2DM
T2DM is associated with poor bone health, resulting in increased 
risk of some fractures, prolonged post-fracture recovery and 
increased post-fracture mortality. Meta-analyses of fracture risk 
in T2DM have shown an increased risk of any fracture (relative 
risk [RR], 1.2), particularly at the hip (RR, 1.3-2.1), even when 
controlled for age, body mass index (BMI) and physical activity.1-4 
The risk of fractures of the ribs, humerus, distal leg and ankle are 
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Skeletal fragility is increasingly recognised as a 
complication of diabetes, with patients with type 2 
diabetes at a higher risk of some fragility fractures. 
Extra considerations are required during the 
calculation of fracture risk for these patients, as  
well as for the selection of the most suitable 
investigations and treatments.
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 KEY POINTS
• Patients with type 2 diabetes mellitus (T2DM) have an 

increased risk of fracture despite relatively preserved bone
mineral density on dual-energy x-ray absorptiometry.

• The underlying metabolic contributors to skeletal fragility 
in T2DM are complex and include obesity, hyperinsulinaemia,
hyperglycaemia and advanced glycation end products.

• The hallmarks of diabetic osteopathy are impaired bone
microarchitecture and low bone turnover, both of which 
increase fracture susceptibility.

• Alternative imaging modalities, including trabecular bone 
score and quantitative CT, allow for noninvasive 
assessment of bone microarchitecture and provide insight
into skeletal fragility. 

• Fracture risk calculators underestimate fracture risk in 
T2DM; adjustments can be made to the standard fracture
risk calculators to improve risk prediction.

• T2DM medications have differing effects on fracture risk.
• Currently available osteoporosis treatments are safe and

effective in T2DM.
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also elevated.5,6 The risk of vertebral frac-
tures in T2DM is unclear, owing partly to 
the difficulty in ascertaining the risk of 
vertebral fractures across different studies. 
Given many vertebral fractures are asymp-
tomatic and are detected incidentally, 
vstudies that do not use systematic routine 
radiography may underestimate the true 
incidence of vertebral fractures. Therefore, 
the risk of vertebral fractures in T2DM 
subjects could be overestimated (relative to 
control subjects), as they are more likely to 
present to healthcare professionals than the 
general population.

Fracture risk in T2DM varies according 
to diabetes-related characteristics. Differ-
ences in observed fracture risk appears to 
be related, in part, to the clinical heteroge-
neity of the studied populations (Figure 1). 
A Swedish national registry of adult patients 
with T2DM showed a marginally increased 
risk of major osteoporotic fractures (defined 
as a composite of hip, clinical spine, distal 
forearm and proximal humerus) (hazard 
ratio [HR], 1.01; 95% confidence interval 
[CI], 1.00 to 1.03) and hip fractures (HR, 
1.06; 95% CI, 1.04 to 1.08) compared with 
controls. However, the presence of one of 
four risk factors, such as low BMI, longer 
duration of T2DM, insulin treatment or 
low physical activity, resulted in a substantial 
increase (more than 20%; HR, 1.20) in 
fracture risk.5 A post hoc analysis of the 
randomised controlled Fenofibrate Inter-
vention and Event Lowering in Diabetes 
(FIELD) study found insulin therapy and 
sex-specific vascular complications were 
associated with an increased risk of any 
fracture in T2DM.7 An increased risk of 
fracture has also been noted in patients with 
a longer duration of diabetes and extremes 
of glycaemic control, with glycated haemo-
globin (HbA1c) levels of below 6.5% and 
higher than 9.5% conferring a higher risk 
of fracture.5,8,9 Postulated mechanisms for 
this include the direct effects on bone 
microarchitecture (as further detailed 
below) and hypoglycaemia-related falls. 
Poorer functional status, including recur-
rent falls and frailty, has also been associated 
with increased fractures.10,11 However, the 

data is confounded by a number of variables, 
since many of these factors often coexist in 
patients. For example, patients with a longer 
duration of T2DM or worse glycaemic 
control are more likely to have complica-
tions and use certain types of medications. 
Therefore, the independent effects of these 
factors are difficult to determine in the 
absence of prospective trials that simulta-
neously collect detailed metabolic and bone 
characteristics. 

Importantly, people with T2DM suffer 
worse post-fracture outcomes, including 
more deep wound infections, delayed wound 
healing, reduced functionality and an 
increased 30-day mortality risk post-
fracture.12,13 Longer-term mortality is also 
increased, with a 30 to 50% increase in mor-
tality following any fracture, including frac-
tures at nonhip and nonvertebral sites.14-16

Pathophysiology of skeletal 
fragility in T2DM
The underlying metabolic contributors to 
skeletal fragility in T2DM are complex and 
include obesity, hyperinsulinaemia, hyper-
glycaemia and advanced glycation end 
products (AGEs) (Figure 1).17 Each of these 
factors may have opposing skeletal effects, 
with various degrees of relative importance 
as the patient’s T2DM progresses. Obesity 
leads to mechanical loading on the skeleton, 
which, together with hyperinsulinaemia, 
usually improves BMD. However, chronic 
inflammation with proinflammatory 
cytokines and adipokines may negatively 
affect bone health and increase fracture 
risk. Hyperglycaemia directly impairs bone 
formation and bone structure, leading to 
accelerated bone demineralisation, 
impaired mechanosensing and poorer 
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Figure 1. An overview of skeletal fragility in type 2 diabetes. 
Abbreviations: AGEs = advanced glycation end products; BMD = bone mineral density; T2DM = type 2 diabetes mellitus.
* Modalities that are clinically available include trabecular bone score from a dual-energy x-ray absorptiometry scan and quantitative CT.
† Anabolic therapy may be preferable, although PBS restrictions may limit clinical use.
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Figure 2. Comparison of DXA, TBS and QCT results in a patient with T2DM and recurrent fractures. This patient’s T-score for BMD on DXA (a) were 
mildly decreased (lowest score of −1.8 at L3). The TBS (b) was also mildly decreased (lowest Z-score of −1.0 at L2-L3). However, using QCT (c), the 
T-score was much lower (lowest T-score of −3.2). This highlights the different information the various imaging modalities provide and that BMD by 
DXA may be relatively preserved in patients with T2DM. Skeletal deficits may be more apparent using TBS or QCT than BMD by DXA, and these 
deficits may explain the increased susceptibility to fracture.
Abbreviations: BMD = bone mineral density; DXA = dual-energy x-ray absorptiometry; QCT = quantitative CT; T2DM = type 2 diabetes mellitus; TBS = trabecular bone scan.

Region BMD (g/cm2) T-score Z-score

L1 1.03 −0.6 −0.3

L2 1.15 −0.5 −0.1

L3 1.00 −1.8 −1.4

L4 1.15 −0.5 −0.2

L1-L2 1.09 −0.6 −0.2

L1-L3 1.06 −1.1 −0.7

L1-L4 1.08 −0.9 −0.5

L2-L3 1.07 −1.3 −0.8

L2-L4 1.10 −1.0 −0.6

L3-L4 1.08 −1.2 −0.8

Reference population: Australia (combined Geelong/Lunar).

Region TBS Z-score

L1 1.30 −

L2 1.29 −

L3 1.20 −

L4 1.36 −

L1-L2 1.29    0.4

L1-L3 1.26 −0.3

L1-L4 1.29 −0.3

L2-L3 1.24 −1.0

L2-L4 1.28 −0.6

L3-L4 1.28 −0.8

Reference population: European (Medimaps).

Region BMD (mg/cm3) T-score (DXA) T-score (QCT) Z-score*

L1 − − − −

L2 92.1 −2.0 −2.9 −0.9

L3 85.0 −2.3 −3.2 −1.2

L4 85.5 −2.3 −3.2 −1.2

Average 87.6 −2.2 −3.1 −1.1

* Age-matched normal (University of California - San Francisco) 116.5 ± 26.
T-score method: calculated by a linear mapping of QCT BMD values to T-score with reference to American College of Radiology 
guidelines. A BMD value of 120 mg/cm3 is mapped to a T-score of 1.0 and 80 mg/cm3 is mapped to a T-score of −2.5.

a. BMD by DXA

b. TBS

c. Quantitative CT
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resistance to stress.18,19 Chronic hypergly-
caemia and accumulation of AGEs are 
associated with the development of diabetes-
related vascular complications through 
oxidative stress and accelerated ageing. In 
bone, the deposition of AGEs disrupts bone 
mineralisation, increases bone resorption 
and inhibits bone formation.20,21 Thus, 
potential anabolic effects from mechanical 
loading and hyperinsulinaemia may be 
offset by impaired bone structure and turn-
over, leading to reduced strength loading 
and increased skeletal fragility. 

Assessment of skeletal fragility 
in T2DM 
Clinically, the assessment of the skeleton 
in T2DM remains challenging.22 The hall-
marks of diabetic osteopathy are impaired 
bone microarchitecture and low bone turn-
over, resulting in fracture susceptibility 
even with relatively preserved BMD. When 
measured by DXA, the clinical standard 

for measuring BMD, BMD is elevated in 
T2DM, owing to the often-concomitant 
higher BMI in patients with T2DM.23-25 As 
such, fracture risk in T2DM is often under-
estimated by BMD.26 Instead, alternative 
imaging modalities provide insight into 
the aberrations in bone microarchitecture 
that contribute to skeletal fragility in T2DM 
beyond BMD. However, the availability of 
these imaging modalities is largely limited 
to research settings and clinical validation 
is required.

The trabecular bone score (TBS) uses 
standard lumbar spine DXA imaging to 
assess vertebral spine microarchitecture. 
TBS may be reported on a DXA BMD 
report and can be used to estimate abso-
lute fracture risk; however, it is not avail-
able at all centres. T2DM is associated 
with a lower TBS, indicative of poorer 
microarchitecture, and may be associated 
with increased fracture risk, independent 
of BMD.27-29

Quantitative CT (QCT) uses high res-
olution CT scans of the vertebrae and hip, 
and measures the volumetric BMD, bone 
structure and composition from three-
dimensional reconstructions of the bone. 
Differentiation between cortical and tra-
becular bone allows a noninvasive assess-
ment of bone microarchitecture. However, 
high radiation exposure precludes routine 
use and normative data is lacking. Never-
theless, QCT may be particularly useful in 
patients where DXA results are uninform-
ative (e.g. patients with degenerative spinal 
disease, kyphoscoliosis) or in patients 
whose BMD scores by DXA are relatively 
preserved despite recurrent fractures. QCT 
is increasingly available at some radiology 
centres and is reimbursed by Medicare for 
BMD testing. Figure 2 shows DXA, TBS 
and QCT in a patient with T2DM and 
recurrent fractures, and the additional 
information the various modalities provide. 
Despite relatively preserved BMD and mild 
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microarchitecture degradation on TBS, the 
patient had markedly reduced volumetric 
BMD on QCT, which confirmed skeletal 
deficits that may have explained the recur-
rent fractures.

High resolution peripheral quantitative 
QCT is limited to the distal radius and 
femur, and allows for precise evaluation of 
cortical and trabecular microarchitectural 
analysis with minimal radiation exposure, 
but its use is currently limited to research 
settings and it is not widely available. T2DM 
is associated with high cortical porosity but 
preserved trabecular bone, with microvas-
cular complications and peripheral vascular 
disease correlating with cortical deficits.30-33 
A recent meta-analysis of high resolution 
peripheral quantitative QCT in patients 
with T2DM showed increased cortical 
porosity with preserved trabecular param-
eters and increased cortical thickness that 
was more pronounced at the radius com-
pared with the tibia, suggesting that 
mechanical loading may have a role in 
affecting cortical parameters.34

T2DM is a low bone turnover state.25,35,36 
In normal homeostasis, bone remodelling 
occurs via a coupled process of bone resorp-
tion and formation. When this process is 
uncoupled (high or low bone turnover), 
bone microarchitecture is disrupted and 
skeletal fragility ensues.37 Procollagen type 1 
N-terminal propeptide and C-telopeptide 
are serum bone turnover markers that 
reflect bone formation and resorption, 
respectively, and may be used as clinical 
surrogates for assessing bone turnover. 
Despite consistently lower levels of these 
markers in patients with T2DM, their role 

in predicting fracture risk in this population 
is unclear.38

Fracture risk calculators 
underestimate fracture risk in 
T2DM
Fracture risk calculators have been devel-
oped to evaluate an individual’s fracture 
risk. The Fracture Risk Assessment Tool 
(FRAX) and Garvan Fracture Risk Cal-
culator use several clinical risk factors, 
with or without DXA-determined BMD. 
These algorithms provide a 5- and 10-year 
probability of hip and major osteoporotic 
fracture. However, they do not consider 
bone microarchitecture and consequently 
underestimate fracture risk in patients with 
T2DM. The only freely available fracture 
risk calculator that specifically includes 
T2DM as a clinical variable is QFracture, 
although its use is limited outside the UK.39 
A recent update to FRAX, FRAXplus, 
allows for modification of the traditional 
FRAX estimate by including T2DM and 
TBS as risk adjustments; however, this is 
currently a paid addition to the standard 
FRAX calculator. 

To improve fracture risk prediction in 
patients with T2DM, a number of adjust-
ments can be made to FRAX. Fracture risk 
in patients with T2DM can be more accu-
rately reflected using any of the following 
strategies:
•	 reducing the BMD T-score by 0.5 

standard deviations
•	 adding 10 years of age
•	 including a patient’s TBS
•	 using rheumatoid arthritis as a 

substitute for T2DM.

However, none of these adjustments 
fully capture fracture risk in T2DM.26,40

A number of working groups have 
developed algorithms that include diabetes- 
related clinical factors and lower BMD 
thresholds for osteoporosis screening and 
initiation of therapy.41,42 We have updated 
and expanded on these management 
principles in two recent review articles 
(Figure 3).43,44 Additional imaging (e.g. TBS 
or QCT) should be considered if the clin-
ical presentation is discordant with DXA-
derived BMD scores (e.g. in a patient with 
a minimal trauma fracture despite normal 
BMD scores). However, current Medicare 
and PBS guidelines do not include T2DM 
as a secondary cause of osteoporosis for 
reimbursement of BMD monitoring or the 
initiation of osteoporosis-specific therapy. 
Nevertheless, active surveillance and 
targeted therapy may still be warranted, 
especially in patients with established 
skeletal fragility (low BMD score or history 
of a fragility fracture). 

Effect of T2DM medications  
on bone 
Given the plethora of non-glycaemic effects 
of T2DM medications, agents without neg-
ative bone effects should be preferred in 
those at higher skeletal risk (Table).45-60 
Although there are no prospective trial data 
examining bone outcomes with T2DM 
medications, observational data and post 
hoc analyses provide evidence to suggest 
the relative safety of some agents. Addition-
ally, HbA1c targets to minimise falls and 
hypoglycaemia should be individualised. 

Metformin and sulfonylureas have an 

SKELETAL FRAGILITY IN TYPE 2 DIABETES  continued 

TABLE. T2DM MEDICATIONS AND THEIR EFFECT ON FRACTURE RISK

Effect on fracture risk

Decreased Neutral Increased

Medications Metformin45

DPP-4 inhibitors46,47

GLP-1 receptor agonists48

Sulfonylureas45

Metformin49

Sulfonylureas (vertebral, any)49,50

Saxagliptin51

Exenatide52

SGLT2-i (other than canagliflozin)53-55

Sulfonylureas (nonvertebral, any)56

Thiazolidinediones57,58

Canagliflozin59

Insulin9,60

Abbreviations: DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; T2DM = type 2 diabetes mellitus; SGLT2-i = sodium-glucose cotransporter-2 inhibitors.
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overall positive or neutral effect on BMD 
and fracture risk.45,56,61 The impact of dipep-
tidyl peptidase-4 inhibitors on fracture risk 
has mostly been positive, with overall frac-
ture risk reduction in meta-analyses and 
large cohort studies.46,47,62-64 Glucagon-like 
peptide-1 receptor agonists have shown 
positive effects on bone turnover.48,52,65,66 
In one small clinical study, liraglutide 
protected against weight loss-associated 
bone loss.67

Insulin therapy has consistently been 
associated with an increased risk of frac-
tures.9,56,60 The proposed mechanism 
includes hypoglycaemia-related falls, par-
ticularly in older people, although further 
studies are required to ascertain any direct 
skeletal effects. Thiazolidinediones have 
an overall negative effect on bone and have 
been associated with an increased risk of 
fracture.57,58,68,69

Early data on canagliflozin, a sodium- 
glucose cotransporter-2 inhibitor, raised 
concerns because of an increase in lower 
limb amputations and fractures in the 
landmark CANVAS trial.59 Further studies, 
including the CREDENCE trial, using 
canagliflozin, as well as dapagliflozin and 
empagliflozin trials, have shown no differ-
ence in fracture rates with any sodium- 
glucose cotransporter-2 inhibitor.53,54,70,71 
Given fracture risk is greatest in patients 
with vascular complications, and these 
agents may be preferentially chosen for their 
renal and cardiovascular benefits, canagli-
flozin should be avoided in patients at 
higher skeletal risk until further data is 
available.

Finally, significant weight loss, as seen 
with bariatric surgery and caloric restric-
tion, is associated with persistent bone loss 
and increased fractures.72-74 Monitoring of 
bone health and micronutrients is there-
fore critical in these patients. The effect on 
BMD and fracture risk with weight loss 
medications, including semaglutide and 
tirzepatide, have not been determined, but 
it is likely that these patients would benefit 
from closer monitoring, particularly if 
there are concomitant risk factors for 
fractures.

Patient with T2DM

Arrange further investigations: 
•	 BMD (if not already 

performed)
•	 consider alternative imaging  

(QCT, TBS)§

Consider initiating  
anti-osteoporotic treatment

For all patients: 
•	 optimise anti-diabetes 

medications¶

•	 maintain adequate 
vitamin D level

•	 assess falls risk

Reassess fracture 
risk every 1 to  
2 years

Calculate fracture risk: 
•	 BMD score
•	 Thoracolumbar x-ray
•	 Fracture risk calculator 

(with adjustments)†

Does the patient have a T-score <−2.0,  
a high fracture risk,‡ or a vertebral fracture?

Assess general and T2DM-specific 
clinical risk factors for fracture*

Has the patient had a fragility fracture?

Moderate skeletal riskHigher skeletal risk

Yes

Yes

No

No

Abbreviations: BMD = bone mineral density; HbA1c = glycated haemoglobin; QCT = quantitative computed tomography; 
T2DM = type 2 diabetes mellitus; TBS = trabecular bone score.

* T2DM-specific risk factors for fracture include: a duration of T2DM > 5 years, use of certain medications (insulin, 
thiazolidinediones, canagliflozin), presence of vascular complications, HbA1c level >8% and increased hypoglycaemia 
risk.
† Fracture risk calculator adjustments for T2DM: reduce T-score by 0.5 standard deviations, increase age by 10 years, 
select rheumatoid arthritis as a comorbidity, include TBS, use T2DM-specific calculators (e.g. FRAXplus, Qfracture).
‡ High fracture risk: risk of major osteoporotic fracture ≥20% and/or hip fracture ≥3%.
§ As a patient’s BMD scores may be relatively preserved, alternative imaging that can assess microarchitecture (e.g. TBS, QCT) 
may be useful in quantifying skeletal deficits. In patients with fractures, BMD is useful for ongoing treatment monitoring.
¶ All patients should have a review of their T2DM medications with preference for agents with neutral or positive bone effects.

Adapted from Forner P, Sheu A. Bone health in patients with type 2 diabetes. J Endocr Soc 2024; 8: bvae112.44

Figure 3. Managing skeletal risk in patients with T2DM. Post-fracture mortality is elevated following 
all fractures in patients with T2DM; thus, each fragility fracture should be a sentinel event that 
warrants specific management. Management of bone health in patients with T2DM includes 
assessment of general risk factors for osteoporosis as well as T2DM-specific clinical features and 
adjustment of general fracture risk calculators. 
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Bone treatment options in T2DM
Patients with T2DM have higher fracture 
risk with increased post-fracture mortality. 
Therefore, targeted bone management is 
warranted following any fragility fracture. 
The unique skeletal profile of preserved 
BMD and low bone turnover raises ques-
tions about the optimal management of 
skeletal health in patients with T2DM. There 
are no dedicated prospective randomised 
controlled trials (RCTs) examining the safety 
and efficacy of osteoporosis therapies in 

patients with T2DM, although post hoc 
analyses suggest their efficacy in patients 
with T2DM is comparable to patients with-
out T2DM. There is no evidence for an 
increase in adverse effects, such as atypical 
femoral fractures or osteonecrosis of the jaw, 
in patients with T2DM using antiresorptive 
agents; however, on-trial events are rare 
overall. Muscle strengthening and physical 
strength should be managed through indi-
vidualised supervised exercise programs to 
reduce falls and frailty. 

Optimising calcium intake and vita-
min D levels is essential for bone health. 
The recommended daily dietary calcium 
intake is 1300 mg for women older than 
50 years, men older than 70 years and 
patients taking osteoporosis therapy; or 
1000 mg for women younger than 50 years 
and men younger than 70 years. Ideally, 
this is achieved through dietary measures: 
three serves of dairy per day usually pro-
vides enough dietary calcium to meet the 
recommended dietary requirements. How-
ever, if this is not achievable, consideration 
can be given to a calcium supplement in the 
form of calcium carbonate or calcium citrate 
(the latter being preferable in patients using 
a proton pump inhibitor). A target serum 
25-OH vitamin D level of at least 50 nmol/L, 
particularly in patients treated with antire-
sorptive therapy, is reasonable and should 
be achieved with cholecalciferol supplemen-
tation if required, keeping in mind that 
obese patients are more likely to require 
higher doses of supplementation to meet 
targets because of the larger volume of 
distribution. There is no evidence to support 
the use of supplemental boron or vitamin K 
in the treatment of osteoporosis. 

Studies of the oral bisphosphonates 
alendronate and risedronate have found 
equivalent gains in BMD in individuals 
with T2DM compared with individuals 
without.75,76 In a recent meta-analysis of 
15 RCTs using antiresorptive agents (includ-
ing alendronate, risedronate and intravenous 
zoledronic acid), bisphosphonate use was 
associated with improved BMD measure-
ments and a reduction in vertebral and non-
vertebral fractures.77 However, the use of 
bisphosphonates, particularly intravenous 
zoledronic acid, needs to be carefully con-
sidered in patients with renal impairment.

Denosumab is increasingly used because 
of its convenience, relative lack of adverse 
effects and safety in mild to moderate renal 
impairment. The FREEDOM and extension 
trials showed comparable BMD gains and 
reduction in vertebral fractures in patients 
with and without T2DM.78 Unexpectedly, 
there was an increase in nonvertebral frac-
tures with denosumab compared with 

SKELETAL FRAGILITY IN TYPE 2 DIABETES  continued 

24   MedicineToday   ❙   JULY 2024, VOL 25, NO 7
Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2024. https://medicinetoday.com.au/mt/2024/july



placebo in participants with T2DM. It is 
unclear whether this is a true medication 
effect or the result of a low number of 
fractures in the placebo arm. As with the 
general population, care should be given 
when initiating denosumab in younger 
patients. Therapy may be indicated for a 
short duration to reduce imminent fracture 
risk (i.e. within the first three to five years 
of a fracture) and then ceased to prevent 
prolonged continuous bone turnover that 
is associated with adverse effects. As patients 
with T2DM are more likely to have higher 
levels of BMD, a treatment break may be 
warranted, and therefore the challenges of 
ceasing denosumab (the risk of rapid bone 
loss and multiple vertebral fractures with 
cessation of therapy) should be considered 
prior to denosumab initiation. Discontin-
uation of denosumab requires careful tran-
sition to an alternative osteoporosis therapy 
and should only be done under the guidance 
of a specialist, after consideration of the 
risks and benefits of doing so. There are 
also preliminary data that denosumab may 
improve glycaemic control, with a case-
control study that showed significant 
improvement in HbA1c levels and BMI at 
6 and 12 months in patients with T2DM 
and prediabetes treated with denosumab, 
compared with calcium and vitamin D or 
bisphosphonate.79

Menopausal hormone therapy provides 
an alternative option for women under the 
age of 60 years who are within 10 years of 
menopause, although the overall cardio-
vascular and breast cancer risk, both of 
which are inherently increased in T2DM, 
must be considered. Raloxifene has shown 
a reduction in fractures in women with and 
without T2DM.80-82 There are no specific 
data on the use of tibolone in T2DM.

Considering the low bone turnover state 
in T2DM, anabolic agents (teriparatide and 
romosozumab) have a theoretical benefit 
over antiresorptive agents. Anabolic agents 
require initiation by a consultant physician 
and patients should be managed in a spe-
cialist setting. Anabolic agents in diabetic 
mice models showed restoration of bone 
microarchitecture and improvement in 

cortical porosity and mechanical proper-
ties, demonstrating a therapeutic value of 
anabolic agents to specifically address the 
underlying pathophysiology of diabetic 
osteopathy.83 

Teriparatide is a recombinant fragment 
of parathyroid hormone (PTH) 1-34 and is 
given as a daily subcutaneous injection for 
up to 24 months, followed by consolidation 
with antiresorptive therapy. Unlike chronic 
exposure to PTH, which results in increased 
bone resorption and bone loss, intermittent 
PTH exposure stimulates bone formation. 
Teriparatide showed similar improvement 
in BMD and vertebral fracture reduction in 
subjects with and without T2DM in a post 
hoc analysis of an observational study 
(DANCE).84 From a subsequent pooled 
analysis, which included three further obser-
vational studies, teriparatide use in individ-
uals with T2DM was associated with a 
greater reduction in all clinical fractures 
compared with subjects without T2DM.84

Romosozumab is a humanised mono-
clonal antibody that targets and inhibits the 
protein sclerostin, preventing the inhibition 
of bone formation through the Wnt signal-
ling pathway, leading to bone formation and 
substantial BMD gains. Romosozumab is 
one of the most potent anabolic agents 
available and was approved for PBS-
subsidised use in Australia for severe 
osteoporosis in April 2022. It is given as a 
monthly subcutaneous injection for 
12 months and should be followed by timely 
consolidation with antiresorptive therapy 
to lock in bone density gains. There are no 
data on the safety or efficacy of romo-
sozumab in patients with T2DM; the poten-
tial increase in cardiovascular events, seen 
in the alendronate-controlled (ARCH) trial 
but not in the placebo-controlled RCT 
(FRAME), warrants further investiga-
tion.85,86 Currently, romosozumab is contra
indicated in Australia in patients with a 
history of stroke or myocardial infarction.

Conclusion
T2DM is associated with an increased risk 
of fractures and post-fracture adverse seque-
lae. However, treatment is often overlooked 

when using standard fracture risk calcula-
tors because of the relatively preserved BMD 
in patients with T2DM and a lack of clinical 
guidelines for diabetic osteopathy. Impaired 
bone microarchitecture and low bone turn-
over orchestrated by underlying pathophys-
iological drivers may not be reflected by 
BMD scores using DXA; alternative imag-
ing modalities such as TBS and QCT may 
be employed to better assess skeletal deficits. 
Fracture risk calculators that incorporate 
diabetes-related factors and adjustments 
for T2DM may identify those at increased 
fracture risk. Treatment thresholds should 
be adjusted, given the significance of 
fracture-associated morbidity and mortal-
ity. Although prospective RCTs specific to 
patients with T2DM are lacking, currently 
available bone therapies are probably safe 
and effective in T2DM, and should be con-
sidered for patients with established skeletal 
fragility to ensure this vulnerable popula-
tion receives adequate treatment. �   MT
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