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Effect of type 2 diabetes medications on fracture risk
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Abstract: Type 2 diabetes, one of the most frequent chronic diseases, has an important effect on bone
metabolism, with most studies reporting an increased prevalence of fractures in these patients despite an
apparently increased bone mineral density. Most probable explanation is an alteration of bone structure/
quality with increased fragility but the different diabetes medications influence the risk of fracture. While
metformin and incretin-based therapies are safe, thiazolidinediones and canagliflozin (sodium-glucose
cotransporter-2 inhibitor) negatively impact bone metabolism and should be avoided in subjects at increased
risk of fractures. Insulin and sulphonylureas are generally safe but can increase the risk of hypoglycemia and

falls with subsequent traumatic fractures. Their combination should be avoided, especially in elderly subjects.
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Introduction

Diabetes is one of the 4 non-communicable diseases
(together with cardiovascular diseases, cancer and
pulmonary diseases) established by the World Health
Organization (WHO) as the major public health issues
of the 21" century. Altogether these 4 explain 71% of
worldwide deaths each year (1). Diabetes, especially type 2
diabetes (T2D), is also one of the most prevalent chronic
diseases, the last International Diabetes Federation (IDF)
data estimating a total of 425 million subjects affected by
this disease in 2017, representing approximately 8.8% of the
adult population (2). Despite a continuous increase in the
life expectancy of T2D subjects (3), diabetes represents an
important cause of mortality, with in-between 1.6 million (1)
and 4 million (2) deaths annually, i.e., more than deaths by
infectious diseases. Diabetes and its chronic complications
represent also a major cause of morbidity with huge
individual and societal costs. Thus, according to the IDF
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2017 Atlas data, the costs associated with diabetes reached
727 billion USD in 2017 (2).

On the other hand, osteoporosis and its direct
consequence, osteoporotic fractures, represent another
significant cause of morbidity and premature mortality
worldwide, with an estimated ~190,000 deaths annually (4).
Moreover, with a continuously aging population, the
prevalence of this condition is expected to increase.

During the last years it became widely accepted that
diabetes (both T1D and T2D) have an important impact on
bone metabolism, with fragility fractures representing an
often “neglected” complication of diabetes (5,6). Moreover,
with better diabetes care and increased survival of these
subjects (7), the prevalence of osteoporosis and fragility
fractures in older diabetes patients is expected to increase.

The aim of this review paper is to synthesize the
knowledge regarding the effect of different anti-diabetic
medications on bone metabolism and fracture risk in T2D
patients.
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Diabetes medications, bone metabolism and
fracture risk

Metformin

Metformin, one of the first used T2D drugs (launched in
1957), is still the cornerstone of T2D therapy, representing
the first line treatment currently recommended by
international guidelines (8) due to its robust efficacy,
low risk of hypoglycemia, positive weight effects and
cardiovascular benefits. The exact mechanism of action is
not fully elucidated but seems to be mainly mediated by
activation of AMPK (AMP activated protein kinase) (9) with
subsequent decreased hepatic glucose production and an
insulin sensitizing effect.

Experimental and clinical data seem to indicate that
metformin has an anabolic/osteogenic action on bone (10),
albeit there is controversy on this matter. In addition,
there is only scarce published data regarding the effect of
metformin on the skeleton and fracture risk in vivo.

In a Danish retrospective case-control study published
in 2005, metformin was shown to significantly reduce
the fracture risk (OR 0.81) (11). This was subsequently
confirmed by a cohort population-based study performed
in Rochester, Minnesota, USA (12) but not in another
retrospective French case-control study (13). More recently,
a sub-analysis of the TECOS study (testing the CV safety
of sitagliptin) showed that metformin treated patients had a
reduced fracture risk (OR 0.76) (14).

In conclusion, metformin can be regarded as neutral or
maybe beneficial in respect to its bone effects. However,
currently there is no dedicated prospective randomized
controlled study to analyze the effect of metformin on bone
compared to placebo (10).

Sulpbonylureas (SUs)

SUs are insulin secretagogues with potent hypoglycemic
action, first used in the 1950’. They stimulate insulin
secretion by the pancreatic beta cells following binding
to specific receptors (SUR component of the K-ATP
channel) (8). They associate rather high hypoglycemic risk
and reduced durability of the metabolic effect in time (15)
but were associated with reduced prevalence of diabetes
microvascular complications in the UKPDS study (8).

By increasing insulin levels, SUs are expected to
have a positive impact on bone metabolism. Some early
studies indicated that glimepiride enhances proliferation
of osteoblasts and their osteogenic differentiation in an
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experimental animal model (16). However, human studies
showed no effect of SUs on markers of bone resorbtion/
formation neither on measures of bone mineral density
(BMD) (17,18).

There are relatively few studies that reported the effect
of SUs on fracture risk in T2D patients. One of the first
was the ADOPT trial that originally aimed to evaluate
the durability of hypoglycemic effect of rosiglitazone,
metformin and glyburide (SU) (19). The study showed
that patients treated with metformin and SU had a similar
rate of fractures (7.3% vs. 7.7% over 5 years) but lower
than rosiglitazone. The data were confirmed by the studies
of Vestergard in Denmark (OR 0.82) (11) and Melton in
Rochester USA (HR 0.9) (12). However, other studies
indicate an increased fracture risk. For example, in the
multinational MrOS (Osteoporotic Fractures in Men)
study that enrolled 5,994 men, SU treatment increased the
risk for fractures with 66% (HR 1.66) (20). Similarly, the
analysis of a registry-based cohort of US T2D patients,
indicated an increased rate of hip fractures (1.7% vs. 1.2%,
OR 1.46) in older man and women (21). Overall, a meta-
analysis published in 2013 indicated no correlation between
SU use and risk of fall and fractures in T2D patients (22).

In conclusion, SUs seem not to directly increase fracture
risk in T2D subjects. However, this could be possible by
increasing the risk of falls secondary to hypoglycemia, more
often in older, frail subjects and especially in the case of
associated insulin use (23).

Thiazolidinediones

Thiazolidinediones (TZDs) are selective agonists of the
nuclear receptors of the PPARy family. They influence
expression of multiple genes involved in glucose and energy
metabolism, especially in the adipose tissue, liver and
muscles. The net effect is increased insulin sensitivity with
improved metabolic control and a significant decrease of
HbAIlc in insulin resistant T2D patients (24). Despite the
metabolic benefits, TZD treatment is usually associated
with weight increase explained by accumulation of adipose
tissue, especially in the subcutaneous compartment, but
concomitant decrease of liver fat and visceral adipose tissue.
Their adverse effect profile includes also increased risk
of hospitalization for heart failure and increased risk of
fractures (24).

There are several experimental animal and preclinical
data indicating that TZDs might have deleterious effects
on bone structure (25). Thus TZDs (both rosiglitazone

Ann Transl Med 2019;7(20):580 | http://dx.doi.org/10.21037/atm.2019.09.51



Annals of Translational Medicine, Vol 7, No 20 October 2019

and pioglitazone) seem to increase osteoclast formation and
decrease osteoblast formation (following the preferentially
differentiation of mesenchymal stem cells into adipogenic cells
and not osteoblasts) in mice (26,27). Consequently, TZDs
decrease BMD and impair bone micro-architecture (28).
These data were confirmed also by human studies, with
a recent meta-analysis indicating a significant decrease of
BMD at the lumbar spine, total hip and forearm (but no
effect at femoral neck), an effect that was not reversible,
even after one year after TZD treatment stop (25).

The adverse effects of TZDs on bone in humans were
already reported by the ADOPT trial as early as 2006
(17,19). Thus, results showed an increased risk of upper and
lower limb fractures in women treated with rosiglitazone
compared to those receiving metformin (HR 1.81) or
glyburide (HR 2.13). The effect was particularly strong in
menopausal women but could not be established in men (19).
The apparent detrimental effect of TZDs in women but
not in men was subsequently reconfirmed in a large
retrospective study from the USA (more than 19,000 subjects
included) (29). In this analysis, the fracture risk was increased
with 57% in women using TZDs versus any other diabetes
treatment, with the highest risk after the age of 65 years
(HR 1.72). No effect was identified in men (HR 1.05) (29).

Over time data accumulated and now there are available
three meta-analyses of studies investigating this association.
The first was published by Loke ez 4/. in 2009 and included
10 randomized controlled trials (RCTs) and 2 observational
studies (overall more than 45,000 analyzed subjects) (30).
The 10 RCTs showed a significantly increased risk of
fractures overall for both rosiglitazone and pioglitazone
(OR 1.45), with five RCTs confirming the association in
women but not in men. The second was published by
Bazelier et al. in 2013 and included 3 population based
retrospective registry studies from the UK, Holland and
Denmark (31). The combined analysis showed a 40%
increased risk of fractures (upper and lower limbs but
not hip/femur or vertebral) with TZDs versus any other
diabetes medication in women (HR 1.44) but no effect
in men (HR 1.05). The largest meta-analysis to date was
published in 2014 by Zhu et 4/. and included 22 RCTs
with ~25,000 subjects and a follow-up period of around
2 years (32). This analysis indicated an almost double risk of
fracture with TZD treatment in women (OR 1.94, P<0.001)
and again, no effect in men (OR 1.02). The association was
confirmed both for rosiglitazone (OR 2.01) and pioglitazone
(OR 1.73). There is yet no biological explanation for the
different effect of TZDs in women compared to men (33,34).
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All these meta-analyses indicated that the increased risk
of fracture appears after one year of TZD treatment (33).
There is only limited information regarding the duration
of the negative effect of TZDs on bones after treatment
discontinuation. As stated above, a meta-analysis of 5
studies indicated that the BMD decrease persists one year
after treatment stop (25). However, a sub-analysis of data
from the ACCORD trial indicated that risk of fractures
decreases in time after TZD discontinuation, with the risk
being similar with those of women never using the drugs
after around 2 years (35).

In conclusion, TZD treatment has a negative effect on
bone in humans and is associated with increased fracture
risk in women, especially after menopause, but not in men.

Dipeptidyl peptidase 4 inbibitors (DPP4i)

DPP4i represent a modern class of diabetes medications
that improve glucose levels by increasing glucagon like
peptide 1 (GLP-1) levels to physiological levels (36). They
are extensively used in the treatment of T2D, despite
their moderate efficacy, due to several other advantages
(oral administration, single daily dose, minimal risk of
hypoglycemia, weight neutrality and cardiovascular safety) (36).

Preclinical experimental data seem to indicate a positive
effect of DPP4i on bone metabolism. Thus, these drugs
seem to reduce the bone resorption activity of osteoclasts
and promote bone anabolism, with final benefit on bone
morphology (37). Consequently, several studies with
high doses of sitagliptin in ovariectomized mice/rats (38)
indicated an increased vertebral BMD. However, other
studies did not confirm a benefit of DPP4i treatment so that
a recent review (39) concludes that data on this matter are
contradictory and not conclusive.

Regarding human clinical data, results of long-term
DPP4i use seem to indicate a neutral effect on BMD and
risk of fractures (34,40). This is despite an early meta-
analysis of 28 RCTs (41) that seemed to indicate a reduced
risk of fractures (OR of 0.6). The positive effect was
confirmed by a retrospective analysis of T2D patients
from primary practices in Germany (42) which matched
4,160 DPP4i ever users to non-users. The study evidenced
a reduced risk of fractures (HR of 0.67) both in women
and men. However, these data were not reconfirmed by
a subsequent retrospective population cohort analysis
of patients from the UK Clinical Practice Research
Datalink (43). The study showed that even after more
than 4 years of DPP4i use, the risk of any fracture was
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similar with that of other diabetes medications (HR
0.99). Neutrality of DPP4i was shown also by a meta-
analysis including 51 RCTs, 37 comparing DPP4i with
placebo and 14 DPP4i with another diabetes drug
(44). Similar results were provided by the analysis of
fracture frequency in the large scale CV outcome trials
with saxagliptin (SAVOR-TIMI 54) (45) and sitagliptin
(TECOS) (14), showing the safety (but also lack of benefit)
of DPP4i treatment regarding the risk of fractures: HR of
1.0 with saxagliptin and 1.01 with sitagliptin. Finally, the
largest to-date reported meta-analysis included 62 RCTs
and more than 62,000 participants (including ~33,500
treated with a DPP4i) (46). With an overall number of 722
analyzed fracture events, this study showed the neutrality of
DPP4i treatment (RR =0.95, P=0.5).

In conclusion, available data confirmed the safety
of DPP4i treatment for the bone. Some studies (meta-
analyses and retrospective cohort data) suggested a reduced
risk of fracture but these data are controversial. Further
well designed RCTs with a longer follow-up duration are
required to elucidate this matter.

Glucagon like peptide 1 agonists (GLP-1RAs)

GLP-1RAs decrease blood glucose levels by promoting
insulin secretion and decreasing glucagon secretion, both
in a glucose dependent manner, with a minimal risk of
hypoglycemia. In addition they promote weight loss, and
decrease blood pressure, with a favorable CV safety profile
and even CV protection for some molecules of this class (47).

GLP-1 receptors are expressed on bone cells (osteoblasts
and osteoclasts) and administration of GLP-1RAs in animal
models seem to increase bone mass (especially trabecular
bone but not cortical bone) in ovariectomised mice (48)
and rats (49) for both exenatide and liraglutide. Another
study with exenatide in T2D rats showed an increase in
femoral BMD (50). These experimental animal results were
not reconfirmed by clinical human data, with an exenatide
study showing no effect on BMD despite weight loss (51).
Authors interpreted this as a positive result since weight
loss was expected to promote BMD decrease and this was
blunted by the GLP-1RA administration.

In respect to GLP-1RA treatment effect on fracture risk,
a nationwide Danish case-control study showed that current
GLP-1RA use is not associated with the risk of fractures (52).
In 2014 Mabilleau and colleagues published a meta-analysis
of 28 RCTs with GLP-1RAs, of which only 7 reported the
occurrence of fractures, with a total number of 19 events (53).
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Overall, the analysis indicated that this class does not
increase the risk of fractures (OR 0.75, P=0.57). A more
recent meta-analysis included 16 RCTs with GLP-1RAs with
a total of more than 11,000 subjects and 38 fractures (54).
Opverall, again there was no increased risk of fractures with
this class of diabetes drugs (OR 1.05) but differences were
noted between liraglutide (decreased risk of fracture) and
exenatide (increased risk of fracture).

In conclusion, there is only limited evidence regarding
the effect of GLP-1RAs on bone in humans, with current
data indicating safety of these class of drugs but, probably,
no clinical benefit.

Sodium-glucose cotransporter-2 inbibitors (SGLT27)

SGLT2is are the latest class of oral antidiabetic drugs for
the treatment of T2D (8). They block the resorption of
glucose and natrium in the proximal convoluted tubules
inducing glycosuria, with the net balance of approximately
70 g of glucose lost each day. Beyond improved metabolic
control, SGLT2i lead to weight loss, decreased BP values
and a positive effect on CV risk (8). Results of large scale
RCTs investigating the effect of SGLT2is on CV risk
(EMPA-REG and CANVAS) also indicated a cardio and
nephroprotective effect for these drugs (55).

Several physiological and preclinical data indicate
that SGLT2i might have a negative influence on bone
metabolism. Thus, it was reported that these drugs might
increase phosphorus in the proximal convoluted tubules with
a slight increase in levels of phosphorus in the serum (56),
increase that is higher in subjects with chronic kidney
disease (CKD) (57). In the same time, canagliflozin was
shown to increase plasma levels of fibroblast growth factor
23 (FGF23), with subsequent decrease of active vitamin D
[1,25(OH),D] levels and increase in parathormone (57), a
mechanism that was previously reported in a mouse animal
model (58). All these changes could promote bone loss.
In addition, SGLT2i induce natriuresis with consequent
decreased serum natrium that could activate osteoclasts (59).
SGLT2i also promote weight loss, reported to be associated
with bone resorption and might induce orthostatic
hypotension with increased risk of falls (60). Canagliflozin (61)
but not dapagliflozin (62) were reported to decrease BMD
in long term (up to 104 weeks) treatment of T2D patients.

In respect to the effect of SGLT2i on fracture risk, the
first report of an increased risk came from a 104-week study
with dapagliflozin in subjects with T2D and moderate
CKD (known to have detrimental effects on bone) (63). In
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this study there was a numerical imbalance in the number
of fractures, with 13 cases (9.4%) in the dapagliflozin
treated patients and none in the placebo group. Other
studies in T2D subjects without CKD did not confirm this
detrimental effect. For example, a recent population-based
observational study compared 4,548 T2D subjects initiated
with dapagliflozin treatment and 18,070 patients initiated
with other T2D medication. After an observation of 3 years,
there was no difference in the risk of any fractures (HR
~0.89, P=0.427) (64).

In the large-scale CANVAS program (evaluating the CV
safety of canagliflozin) were included 10.142 T2D subjects
with high CV risk that were followed for a median of
126 weeks (65). In this study, canagliflozin treated patients
had 26% increased risk of all fractures (HR 1.26, 95%
CI: 1.04 to 1.52). In contrast, fracture risk was similar for
empagliflozin compared to placebo (3.9% wvs. 3.8%) in the
large scale EMPA-REG Outcome trial (7,020 T2D patients
with established CV disease followed-up for a median of
3.1 years) (66). More recently, the safety of empagliflozin
was confirmed by a combined analysis of over 12,000
subjects from phase I-III RCTs and a direct comparison
with glimepiride (67). Finally, a recent meta-analysis
included 20 RCTs with SGLT?2i with a total of 8,286
subjects and showed no increased risk of fracture with these
drugs in the combined analysis (RR =0.67, 95% CI: 0.37 to
1.07) and also for the individual analysis of canagliflozin,
dapagliflozin and empagliflozin (68).

In conclusion, despite several physiological data
regarding a possible detrimental effect of SGLT?2i for the
bone, clinical evidence in support of this hypothesis is
limited to data with canagliflozin in the CANVAS program.
No increased risk could be evidenced for dapagliflozin
and empagliflozin. Of note, canagliflozin also inhibits
the function of SGLT1 with larger expression in the gut.
Further studies are required to fully elucidate the bone
effects of these T2D medications.

Insulin

Discovered by Nicolae Paulescu in 1921 and first used for
the treatment of diabetes in humans in 1922 by Frederick
Banting, insulin is the oldest diabetes drug and still the most
efficient (8), with practically unlimited hypoglycaemic potency.
In the same time insulin is a potent anabolic hormone, with
important influences on bone metabolism (69).

Experimental preclinical animal studies showed that
insulin might improve BMD following signalling via IGF-
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1 and AMPK activation (70,71). However, human data are
somehow controversial. Although some report no negative
effect of insulin on bone microarchitecture in humans (40),
a more recent study reported that insulin use in older T2D
subjects is negatively associated with BMD, bone micro-
architecture and bone strength of the distal radius (72). The
authors admit that, despite adjusting for HbAlc and disease
duration, residual confounding factors might explain this
negative result.

Regarding the effect of insulin treatment on fracture
risk, most studies report an increased risk (34,40). Thus,
an early study by Schwartz ez 4l. (Study of Osteoporotic
Fractures) included 9,654 older (>65 years) women, of
which 106 were insulin treated (73). After a median follow-
up of 3.7-9.4 years, insulin treatment almost doubled the
risk of foot fractures (RR 2.66). The risk is not confined to
women, as shown by the multinational MrOS study (20).
Thus, the analysis of 5,994 men (age >65 years) of which 80
were insulin-treated showed a similarly increased risk (RR
2.46 for non-vertebral fractures) that was maintained after
adjustment for multiple variables. Similar data were obtained
in the population-based cohort study from Rochester,
Minnesota, USA, reporting a 30% increased risk of fractures
for insulin-treated T2D subjects (both men and women)
compared to other glucose lowering medications (12).
Contrasting with all the above, the Danish case-control
study of Vestergaard et 4/. indicated that insulin treatment
does not increase the risk of fractures, reporting instead a
non-significant trend towards decreased risk (11). A recent
meta-analysis by Moayeri and colleagues showed that insulin
treatment is associated with increased fracture risk in T2D
subjects, with an overall summary relative risk of 1.52 (74).

There is controversy if the reported increased risk
with insulin is a direct effect of the last or only an indirect
association. Even though current diabetes guidelines allow
the use of insulin for the treatment of T2D subjects already
from the second ter after failure of metformin monotherapy
(8), insulin is often initiated very late during the course of the
disease (75). Thus, one can speculate that insulin treatment
might represent an indirect marker of an older, frail,
population, frequently with longer diabetes duration and
more advanced diabetes complications and, consequently,
with increased fracture risk (34). In addition, insulin
treatment is reported to increase the risk of hypoglycaemia
and falls, consequently increasing the risk of fractures
(76). As a proof for this hypothesis, treatment with lower
hypoglycaemia risk basal insulin analogues seem to decrease
the risk of fracture compared to human NPH insulin (77).
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In conclusion, despite majority of preclinical studies
reporting a positive anabolic effect of insulin on bone
metabolism, clinical data most often report an increased risk
of fracture for insulin treated subjects. However, no definite
conclusion can be drawn at this time if this is a direct
effect of insulin treatment or rather an indirect association
explained by the increased risk of hypoglycaemia and falls
characteristic for these subjects. As for other diabetes drugs,
properly designed and powered prospective RCTs are
required to elucidate this issue.

Conclusions

T2D subjects are exposed to increased risk of fragility
fractures, despite apparently increased BMD. It is also
evident that medications used for the treatment of T2D
might influence this risk. Available data indicate that
TZDs definitely increase the fracture risk (especially in
postmenopausal women) and should be avoided in subjects
with a high risk of fractures. Caution should be exercised
also for the use of canagliflozin (and maybe other SGLI21)
in these subjects. There is absolute safety for the incretin
based therapies (DPP4i and GLP-1RAs). Insulin and
sulphonylureas seem to be safe in respect to their effects
on bone metabolism. However, by increasing the risk of
hypoglycemia and traumatic falls, they can increase the
risk of fractures especially in elderly, frail subjects. The
association of the two should be avoided. Finally, metformin
is safe and might even confer some benefits.

Achievement of optimal glycemic control while
minimizing the risk of hypoglycemia and avoiding
medications with proven negative effect on bone metabolism,
combined with osteoporosis treatment remains the
cornerstone for preventing fractures in T2D subjects.
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