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Abstract Older adults with diabetes are at higher risk of fracture and of complications resulting from a fracture. Hence,
fracture risk reduction is an important goal in diabetes management. This review is one of a pair discussing the relationship
between diabetes, bone and glucose-lowering agents; an accompanying review is provided in this issue of Diabetologia
by Beata Lecka-Czernik (DOI 10.1007/s00125-017-4269-4).
Specifically, this review discusses the challenges of accurate
fracture risk assessment in diabetes. Standard tools for risk
assessment can be used to predict fracture but clinicians need
to be aware of the tendency for the bone mineral density Tscore and the fracture risk assessment tool (FRAX) to underestimate risk in those with diabetes. Diabetes duration, complications and poor glycaemic control are useful clinical markers of
increased fracture risk. Glucose-lowering agents may also affect fracture risk, independent of their effects on glycaemic
control, as seen with the negative skeletal effects of the
thiazolidinediones; in this review, the potential effects of
glucose-lowering medications on fracture risk are discussed.
Finally, the current understanding of effective fracture prevention in older adults with diabetes is reviewed.
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Introduction
There is a growing appreciation that increased fracture risk is a
consequence of diabetes. In type 1 diabetes, hip fracture risk is
four to six times higher compared with those without diabetes
[1, 2]. For type 2 diabetes, the increased risk is more modest,
estimated at 1.34 (95% CI 1.19, 1.51) in a recent metaanalysis of 12 studies [2]. Risk of non-hip fractures also appears to be increased in type 1 [3] and type 2 [4, 5] diabetes.
And, the realisation that thiazolidinediones (TZDs) increase
fracture risk [6] has resulted in greater awareness that glucoselowering agents may affect fracture, independent of any effects of diabetes.
Fractures cause substantial increased morbidity and mortality in older adults [7] and these consequences appear to be
worse in those with diabetes [8–11]. Maintenance of adequate
glycaemic control may be more difficult in the months following a fracture [12]. Effective fracture prevention is thus an
important goal for older individuals with diabetes. However,
fracture risk assessment and prevention both present particular
challenges in this population. Standard risk assessment tools
tend to underestimate risk in older adults with diabetes and
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fracture prevention guidelines lack specific recommendations
for those with diabetes.
The aim of this review is to summarise our current understanding of the impact of diabetes and glucose-lowering
agents on fracture risk and discuss the issues that are specific
to fracture risk assessment and prevention in individuals with
diabetes.

Fracture risk assessment in diabetes
Lower bone mineral density (BMD), particularly at the hip, is
strongly associated with fracture incidence and is central to
fracture risk assessment in older adults [13]. BMD is often
expressed as a T-score, the number of standard deviations
above or below the average BMD for a healthy 30-year-old
adult. Absolute fracture risk can be calculated using the
fracture risk assessment tool (FRAX), which incorporates
clinical risk factors in addition to BMD [14]. Many clinical
guidelines for fracture prevention use the BMD T-score
and/or FRAX to identify higher risk individuals and to specify thresholds for consideration of pharmacological therapy
[15–17]. However, type 2 diabetes is associated with an
average or even high BMD compared with those who do
not have diabetes [18, 19]. Type 1 diabetes is characterised
by lower BMD, but the reductions are only modest and do
not account for the substantially elevated fracture risk with
this condition [20]. Thus, the bone in diabetes appears to have
reduced strength for a given BMD in both type 1 and type 2
diabetes and, as a result, the standard tools (BMD T-score and
FRAX) tend to underestimate fracture risk in individuals with
diabetes, presenting a challenge for clinicians.
BMD T-score In a study combining data from three US
cohorts, femoral neck BMD T-score underestimated risk of
hip and non-spine fractures in those with type 2 diabetes
[21]. Fig. 1a illustrates the relationship between hip fracture
and femoral neck BMD T-score in older women; in women
with and without diabetes, lower BMD T-score predicted
increased fracture risk. However, at any given BMD T-score,
women with diabetes had a higher fracture risk, and, at any
given fracture risk, women with diabetes had a higher BMD
T-score, compared with women without diabetes. On average, the difference in T-score between women with and
without diabetes who had the same hip fracture risk was
0.6. Fig. 1b illustrates the same relationship in men with
and without diabetes, indicating that BMD T-score also
tends to under-estimate hip fracture risk in men. Thus, the
standard BMD T-score thresholds for considering pharmacological therapy for osteoporosis are probably too low for
individuals with diabetes. Higher fracture risk at a given
BMD also provides evidence that diabetes increases bone
fragility through mechanisms other than bone loss, as
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discussed in the accompanying review by Beata LeckaCzernik in this issue of Diabetologia [22].
BMD also underestimates fracture risk in individuals with
type 1 diabetes. A meta-analysis reported that BMD Z-score
(a comparison with an age- and sex-matched reference population) was −0.37 ± 0.16 at the hip and −0.22 ± 0.01 at the
spine for those with type 1 diabetes [20]. The predicted increase in hip fracture risk, based on the reduced hip BMD, was
1.42; however, the actual increased relative risk was 6.94.
Hence, we can surmise that BMD measurements (and
FRAX) tend to underestimate fracture risk in type 1 diabetes.
However, without direct studies on fracture prediction in type
1 diabetes, it is not possible to quantify the degree of
underestimation.
FRAX FRAX is a widely used fracture risk assessment
tool that incorporates femoral neck BMD T-score with
additional risk factors: age, sex, BMI, history of fracture,
parental history of hip fracture, current smoking status,
alcohol consumption, rheumatoid arthritis and glucocorticoid use. Diabetes is not currently included in the
FRAX algorithm. Similar to femoral neck BMD T-score,
FRAX may be used to predict fracture risk in those with
diabetes but it underestimates the risk of hip and major
osteoporotic fractures (hip, vertebral, forearm and humerus) in these individuals [21, 23]. Interestingly, when the
association between the FRAX-incorporated risk factors
and fracture risk was assessed in a large cohort in
Manitoba, Canada, each risk factor was found to have a
similar association with fracture risk in those with and
without diabetes, except for age and parental history of
hip fracture [24]; underestimation of hip fracture risk
using FRAX was greater in younger (40–69 years) compared with older study participants (≥70 years).
The FRAX algorithm may be updated in the future to
include diabetes as a risk factor [25]. Until then, however,
when using the current algorithm, clinicians should be
aware of the tendency for it to underestimate fracture risk
in diabetes. Possible options to provide a crude adjustment
of the FRAX score for individuals with type 2 diabetes
include indicating ‘rheumatoid arthritis’ as a risk factor or
reducing the femoral neck BMD T-score by 0.5 [26].

Diabetes-specific risk factors for fracture
In addition to the standard risk factors for fracture discussed
above, there are factors specific to diabetes that can inform
risk assessment. Substantial evidence has identified diabetes
duration and insulin use (see ‘Glucose-lowering agents and
fracture risk’ section, below) as risk factors for fracture in
type 2 diabetes. In addition, the presence of complications
and the level of glycaemic control appear to be risk factors.
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Fig. 1 Femoral neck BMD Tscore and 10 year fracture risk in
(a) women and (b) men at
75 years of age by diabetes and
insulin use status. Solid line, no
diabetes; red dashed line, diabetes
without insulin use; blue dashed
line, diabetes with insulin use.
Adapted with permission from
Schwartz et al [21]
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Furthermore, weight loss is an important component of
diabetes management but is also associated with fracture risk.
Diabetes duration In type 2 diabetes, duration of disease is
associated with greater risk of fracture [27–35]. In a cohort
of women, aged ≥40 years from Manitoba, Canada, diabetes duration was associated with higher risk of hip and
major osteoporotic (hip, clinical vertebral, forearm, humerus) fractures (Fig. 2) [34]. This relationship persisted even
following adjustment for insulin use. Fracture risk was
compared in those without diabetes, with newly diagnosed
diabetes, <5 years diabetes duration, 5–10 years diabetes
duration and >10 years diabetes duration. Risk of major
osteoporotic fracture was elevated in those with >10 years
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Fig. 2 Duration of diabetes (DM) and risk of major osteoporotic fractures (blue) and hip fractures (purple) among 57,938 women age
≥40 years in the Manitoba BMD cohort, including 8840 with diabetes
ascertained from health services records. Of those with ascertained diabetes, exclusion of 207 (2.3%) women with presumptive type 1 diabetes
did not materially alter the magnitude or statistical significance of results.
Models were adjusted for BMD-based FRAX scores (which included
age), burden of comorbidity, history of falls, prescription of osteoporosis
treatments and insulin therapy. Adapted from Majumdar et al [34]
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diabetes duration compared with those without diabetes,
whereas hip fracture was increased in all women with diabetes regardless of duration. Hip fracture risk was 1.94
(95% CI 1.54, 2.44) in those with >10 years diabetes duration compared with those without diabetes when adjusted
for FRAX, comorbidities, history of falls, prescription of
osteoporosis treatments, and insulin therapy. This study
and others indicate that particular attention should be given
to consideration of fracture prevention in older adults with
diabetes duration of more than 10 years.
Presence of complications Diabetes-related complications,
particularly multiple complications, are associated with
higher risk of fracture [30, 31, 36–38]. Complications
may reduce bone strength or increase falls, leading to
more frequent fractures. The presence of complications
may also be a marker for other conditions that increase
fracture risk, such as higher levels of advanced
glycation end-products [39] or compromised microvasculature in the bone [22, 40].
Glycaemic control Optimal levels of glycaemic control for
fracture and fall prevention are not defined. However, achieving lower HbA1c levels and, subsequently, preventing the onset of complications may have beneficial effects on bone and
risk of falls. On the other hand, lower HbA1c levels increase
the frequency of hypoglycaemic episodes, which are associated with falls and fractures [41–43]. In the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) trial, fracture
rates (HR 1.04 [95% CI 0.86, 1.27]) and fall rates (rate ratio
1.10 [95% CI 0.84, 1.43]) did not differ between intensive and
standard glycaemic control groups [44]. The median level of
HbA1c achieved was 6.4% (46.4 mmol/mol) in the intensive
group and 7.5% (58.5 mmol/mol) in the standard glycaemic
control group [45]. While intensive and standard glycaemic
control do not have substantially different effects on fall rates
and fractures, ACCORD did not address the possible effects
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of poor glycaemic control on these factors. Evidence from
longitudinal observational studies indicates that those with
poor glycaemic control (HbA1c > 8% [>63.9 mmol/mol]) are
at higher risk of fracture compared with those with lower
HbA1c levels [46–49].
Weight loss In overweight and obese individuals with type
2 diabetes, moderate weight loss is recommended for improvements in glycaemic control and to reduce the need for
glucose-lowering medications. However, weight loss is associated with bone loss and increased fracture risk in
broader populations of older adults [50]. In the Action for
Health in Diabetes (Look AHEAD) trial, which was conducted in overweight and obese participants with diabetes,
a lifestyle intervention that achieved weight loss was also
associated with modest bone loss at the hip [51]. Total
fractures were not increased but fractures associated with
frailty were more frequent in the weight loss group [52].

Glucose-lowering agents and fracture risk
TZDs As discussed in the accompanying review by Beata
Lecka-Czernik [22], preclinical studies have identified

negative effects of TZDs on bone, including reduced
bone formation and increased bone resorption [53].
Clinically, evidence from adverse event reporting in
randomised clinical trials has established that TZDs increase fracture risk in women. The first report of increased fracture risk came from the A Diabetes
Outcome Progression Trial (ADOPT), which compared
the TZD rosiglitazone with metformin or a sulfonylurea
as first-line treatment for newly diagnosed diabetes [54].
Subsequent meta-analyses of RCTs of rosiglitazone and
pioglitazone elaborate on these initial findings [6, 55]. In
the latest meta-analysis, which included 22 RCTs, the
risk of fracture was approximately doubled in women
using a TZD (OR 1.94 [95% CI 1.60, 2.35]) but was
not increased in men (OR 1.02 [95% CI 0.83, 1.27])
[6]. This increased fracture risk in women was reported
for both pioglitazone (OR 1.73 [95%CI 1.18, 2.55]) and
rosiglitazone (OR 2.01 [95% CI 1.61, 2.51]). The reasons for this sex difference in the effect of TZDs on
fracture risk are not understood. However, in ADOPT,
rosiglitazone had similar effects on fracture risk in preand postmenopausal women, suggesting that differences
in oestrogen levels are not responsible for the increase in
fracture risk in women [54].

Effects of glucose-lowering medications on BMD and fracture risk

Glucose-lowering
medication
Insulin
Sulfonylureas
Metformin
TZDs
GLP-1 receptor agonists
DPP-4 inhibitors
SGLT2 inhibitors

BMD
↑ (LC/NCC)
??
(LC/NCC)
(RCT)
??
??
/ (RCT)

Fracture risk
(LC/NCC)
(LC/NCC/RCT AEsa)
(LC/NCC/RCT AEsa)
(RCT AEs)
??
(RCT AEs)
/ (RCT AEs)

AEs, adverse events; LC, longitudinal cohort; NCC, nested case–control study
Arrows: decreased ↓; increased ↑; no
effect of medication class
?? indicates insufficient evidence to evaluate the effect of the medication class
a
Data on AEs from one RCT
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Consistent with increased fracture risk, TZD use results in
more rapid bone loss. A meta-analysis of RCTs with median
TZD treatment duration of 48 weeks reported a difference of
−1.0% (95% CI −1.4, −0.6) for total hip BMD and −1.1%
(95% CI −1.6, −0.7) for lumbar spine BMD, comparing
TZD-treated and control groups [56]. However, this degree
of bone loss does not fully account for the observed increase
in fracture risk, suggesting that other aspects of bone strength
are compromised by TZD use. In addition, the median duration of the trials included in this meta-analysis was less than a
year; it is not known if bone loss plateaus after this time or if
this more rapid loss continues with extended TZD use. The
same authors also conducted a meta-analysis of the effects of
TZD use on markers of bone turnover but found no consistent
pattern [56].
Limited evidence is available on the persistence of the effect of TZDs on the skeleton after discontinuation of use. In a
meta-analysis of five RCTs, bone loss after TZD discontinuation was similar in those originally assigned to TZD treatment
compared with the control group [56]. In the ACCORD study,
fracture risk was reduced after TZD discontinuation and after
2 years it was similar to the risk in women who had never used
a TZD during ACCORD [57].
The realisation that TZDs increase fracture risk has resulted
in a new awareness of the potential for glucose-lowering
agents to affect skeletal health. Fracture events are now generally reported as a distinct category of adverse events for new
glucose-lowering medications. Consequently, data are available for fractures reported as adverse events in randomised
clinical trials of other glucose-lowering agents, such as
incretin-based medications and sodium–glucose cotransporter
2 (SGLT2) inhibitors, as discussed below.
Incretin-based medications The incretin-based medications
include glucagon-like peptide-1 (GLP-1) receptor agonists
and dipeptidyl peptidase-4 (DPP-4) inhibitors. As discussed
in the accompanying review [22], incretins are involved in the
regulation of bone turnover. Animal studies have revealed
positive effects of GLP-1 receptor agonists on bone but have
not identified consistent effects of DPP-4 inhibitors [53]. An
initial meta-analysis that included 28 randomised clinical trials
of DPP-4 inhibitor therapies reported a protective effect on
fractures, identified through serious adverse event reports
[58]. However, this appears to have been a chance finding as
subsequent meta-analyses, incorporating additional RCTs,
found no evidence of an effect of DPP-4 inhibitor therapy
on fractures [59, 60]. For example, the largest published
meta-analysis included 62 RCTs of DPP-4 inhibitor therapies
with 722 fractures and reported a relative risk of 0.95 (95% CI

Diabetologia (2017) 60:1170–1179

0.83, 1.10) for fractures in participants using DPP-4 inhibitors
compared with the control group [59].
The evidence available for the effects of GLP-1 receptor
agonists on fracture risk is more limited. The largest metaanalysis of RCTs included only 14 RCTs and a total of 38
fractures [61]. There was no evidence of an effect on fracture
risk (OR 1.05 [95% CI 0.59, 1.87]) for these medications as a
class. However, in separate analyses, liraglutide was associated with decreased fracture risk (OR 0.38 [95% CI 0.17, 0.87])
and exenatide was associated with increased risk (OR 2.09
[95% CI 1.03, 4.21]). This observed difference in fracture
effects lacks a clear physiological basis and may be a chance
finding. In two recent large observational studies, current
GLP-1 receptor agonist use was not associated with fracture
risk [62, 63]. Additional studies are needed to clarify the effects of the GLP-1 receptor agonists on fracture risk.

SGLT2 inhibitors The SGLT2 inhibitors reduce blood glucose levels by inhibiting tubular reabsorption of glucose and
thus increasing urinary excretion [64]. Concomitant increases
in serum phosphate may lead to changes in parathyroid
hormone (PTH) and fibroblast growth factor 23 (FGF23) that
could affect bone metabolism. SGLT2 inhibitors also induce
weight loss, which is associated with bone loss and fracture
risk [50]. Further, as an additional mechanism, a greater frequency of intravascular volume depletion with SGLT2 inhibitor use could increase falls, leading to greater fracture risk.
Clinical studies into the effects of SGLT2 inhibitors on bone
and fracture risk have produced mixed results. A 50-week trial
of dapagliflozin found no increase in bone loss, compared with
placebo [65]. In contrast, a 104-week study of canagliflozin
found increased bone loss at the total hip (−1.2% [95% CI
−1.9, −0.8]), compared with placebo [66]. A rigorous metaanalysis of nine RCTs of canagliflozin took the additional step
of reviewing all reports of fractures, since adverse event reports
are susceptible to misclassification of fracture outcomes,
which, in a blinded trial, may tend to attenuate any actual differences [67].
In their analysis, the investigators found an increased fracture risk for canagliflozin compared with placebo (1.32 [95%
CI 1.00, 1.74]). The result was driven by increased fracture
risk in the CANagliflozin cardioVascular Assessment Study
(CANVAS) that included individuals at higher risk of cardiovascular disease. In contrast, a large trial of empagliflozin
reported no difference in fracture (identified as serious adverse
events) compared with placebo [68]. Thus, further study is
required to determine whether there are differences in fracture
effects within the SGLT2 inhibitor class of medications.
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Sulfonylureas and metformin The effects of sulfonylureas
and metformin on fractures are difficult to assess since these
medications are generally not tested in RCTs. Sulfonylureas
are not thought to affect bone directly but may increase fracture risk via inducing higher rates of hypoglycaemic episodes.
In contrast, animal studies suggest a positive effect of metformin on bone metabolism [22]. A comparison of fracture risk
between randomly allocated treatment with metformin and the
sulfonylurea glibenclamide (known as glyburide in the USA
and Canada) was reported in the ADOPT trial [54]. Fracture
risk for those using metformin or glibenclamide as first-line
therapy was found to be similar, despite more frequent
hypoglycaemia in the glibenclamide arm. A review in 2013
concluded that there was a lack of evidence for increased
fracture risk with sulfonylurea use but that higher quality studies in older adults were needed to definitively address this
question [69]. Since then, additional observational studies
have reported on sulfonylureas and fracture risk with some
[70–72], but not others [41, 73–75], reporting increased risk.
In contrast, some [41, 74, 76], although not all [70, 73, 77],
observational studies of metformin and fracture risk have reported reduced fracture risk. Notably, individuals assigned to
metformin therapy tend to have fewer risk factors for fracture
than those assigned to a sulfonylurea [73] and these differences are difficult to account for in observational studies.
Insulin Individuals with type 2 diabetes using insulin therapy
appear to be at increased risk of fracture, based on observational studies [70, 74, 77–79]. Insulin treatment is not believed
to have a negative effect on bone strength; rather insulin is
likely to be anabolic for bone [80]. Instead, insulin treatment
may have direct negative effects via an increase in
hypoglycaemia and, hence, in falls [81]. In addition, the need
for insulin treatment is probably a marker of poorer health in
older individuals, which contributes to fracture risk.

Fracture prevention in individuals with diabetes
Preventing fractures is a crucial goal in older adults with diabetes. For those with higher fracture risk, fracture prevention
guidelines that are specific for individuals with diabetes include avoidance of TZDs and SGLT2 inhibitors [82]. In addition, maintenance of good glycaemic control may contribute
to reduced fracture risk. However, it is evident that further
research is required to fully elucidate the optimal management
of fracture risk in diabetes. Guidelines for fracture prevention
that are appropriate for older adults in general delineate strategies that are also applicable to those with diabetes, including
fall prevention, sufficient vitamin D and calcium intake,
weight-bearing exercise, tobacco cessation and limiting alcohol intake [15].
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Vitamin D Vitamin D levels tend to be lower in those with type
1 or type 2 diabetes [83, 84] and vitamin D is generally
acknowledged as being important for bone health [85].
Vitamin D in combination with calcium supplementation provides a modest reduction in fracture risk [86]. Serum
25-hydroxyvitamin D (25(OH)D) levels ≤30 nmol/l (12 ng/ml)
are considered deficient in the context of bone health, but there
is controversy regarding the target for sufficient serum levels
[87]. High levels of serum 25(OH)D, in the range of
125–190 nmol/l (50–75 ng/ml), are associated with adverse
outcomes in observational studies, including higher mortality
and increased rates of cardiovascular disease [85]. Guidelines
for dietary intake (from food and supplements) to achieve sufficient levels of vitamin D for skeletal health benefits in older
adults are in the range of 600–1000 IU/day [15, 85]. Other
health benefits of vitamin D, including prevention of diabetes,
have been hypothesised based on observational studies but
have not yet been proven [85]. Randomised trials of vitamin
D supplementation are currently underway and should provide
greater clarity on non-skeletal health effects in the next few
years.
Pharmacological therapies For those at higher risk of fracture, effective pharmacological interventions are available
[88]. Current guidelines for older adults recommend consideration of pharmacological therapy after a vertebral or hip
fracture, an event that indicates a high risk of subsequent fracture [15]. The occurrence of these fractures in an individual
with diabetes is also a signal of higher risk of a subsequent
fracture and would warrant consideration of pharmacological
therapy [24]. With regard to appropriate management after
fractures at other sites in diabetes, the best approach is dependent on assessment of overall fracture risk. As discussed earlier, in those with type 2 diabetes, BMD T-score and FRAX
scores can identify those at highest fracture risk, with the
caveat that these methods tend to underestimate risk in diabetes. The usefulness of BMD testing and FRAX for type 1
diabetes has not been extensively studied and, thus, is yet to
be established. As with type 2 diabetes, it seems likely that
low BMD will predict fracture in this population but will tend
to underestimate risk.
Guidelines for pharmacological therapy to prevent fracture
have been established based on large randomised clinical trials
in the broader population of postmenopausal women with low
BMD and/or prevalent fractures. These results are currently the
best guide for use of osteoporosis therapies in individuals with
diabetes. Concern has been expressed that bisphosphonates and
other anti-resorptive therapies may not be effective in those
with diabetes since the bone in diabetes is characterised by
reduced bone formation [89]. Specific evidence regarding
response to this type of treatment in those with diabetes is
limited but, to date, post hoc analyses of larger trials of
bisphosphonates and raloxifene have found that treatment

1176

effects on bone turnover, BMD and fracture are similar in women with and without diabetes [90–93]. Observational studies
have also reported similar efficacy of bisphosphonates [94,
95] and teriparatide [96] for fracture prevention in those with
and without diabetes, and similar anti-fracture efficacy for
bisphosphonates in type 1 and type 2 diabetes [94]. These post
hoc analyses and observational studies are generally limited to
those with osteoporosis. The efficacy of these therapies in individuals with diabetes who have elevated fracture risk but
BMD levels above the standard threshold defining osteoporosis
is not known.
In general, pharmacological therapy for osteoporosis is not
used to its full potential in the osteoporotic population and its
use appears to be even lower among those with diabetes [17,
97]. In part, this failure to fully make use of osteoporosis
therapy, even after a hip or vertebral fracture, is attributed to
concerns regarding the occurrence of atypical femur fractures
and osteonecrosis of the jaw, which is associated with the use
of bisphosphonates and other anti-resorptive therapies [98,
99]. However, the benefits of these therapies on fracture prevention substantially outweigh the risks of these rare events,
estimated at less than one event for every 100 fractures
prevented [88]. It is difficult to determine whether these rare
adverse events are more common in those with diabetes and
evidence to date has been inconsistent [99, 100]. However,
even if the risk of these events is higher in those with diabetes,
the events are sufficiently rare that fracture benefits of antiresorptive therapies would still strongly outweigh risks among
those with diabetes.
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