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Abstract
Purpose of Review Diabetes mellitus (DM) is associated with increased fracture risk. The aim of this systematic review was to
examine the effects of different classes of glucose-lowering drugs on fracture risk in patients with type 2 DM. The heterogeneity
of the included studies did not allow formal statistical analyses.
Recent Findings Sixty studies were included in the review. Metformin, dipeptidylpeptidase-IV inhibitors, glucagon-like peptide-
1 receptor agonists, and sodium–glucose cotransporter 2-inhibitors do not appear to increase fracture risk. Results for insulin and
sulphonylureas weremore disparate, although there may be an increased fracture risk related to hypoglycemia and falls with these
treatments. Glitazones were consistently associated with increased fracture risk in women, although the evidence was sparser in
men.
Summary New glucose-lowering drugs are continuously being developed and better understanding of these is leading to changes
in prescription patterns. Our findings warrant continued research on the effects of glucose-lowering drugs on fracture risk,
elucidating the class-specific effects of these drugs.
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Introduction

Diabetes mellitus (DM) is associated with an increased risk of
fracture [1••]. In patients with type 1 DM (T1D), the fracture
risk may be increased as much as sevenfold compared to sub-
jects without DM [1••], whereas the risk in patients with type 2
DM (T2D) is 1.3-fold increased [1••]. In T2D, the increased

risk of fracture is not explained by a lower bone mineral den-
sity (BMD); on the contrary, BMD is often reported to be
higher in T2D compared to controls [1••].

Although the mechanisms behind increased fracture rates
in DM are not fully uncovered, ongoing research has sug-
gested that bone deteriorates in DM due to structural changes
in bone with increased cortical porosity [2] and alterations in
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the bone collagen as a result of the accumulation of advanced
glycation end-products [3], or due to low bone turnover caus-
ing micro-fractures which may lead to fractures despite rela-
tively high BMD [4]. Furthermore, characteristics and severity
of diabetes have been investigated. Although diabetes-related
complications are associated with fractures, patients without
complications also have an increased fracture risk [5]. The
duration of diabetes is associated with fracture risk in some
studies [6]; however, in the studies aiming to investigate T2D
exclusively, some patients with T1D may have been included
[7]. Falls and hypoglycemia are less well investigated in DM
due to underreporting and information bias [8]. Both falls and
hypoglycemia are associated with fractures; however, they do
not fully explain the fracture rates in T1D and T2D [9].

Thus, the increased fracture risk may be increased due
to several factors. New glucose-lowering treatments for
T2D are being developed at a rapid pace, with some of
these showing beneficial effects on renal and cardiovas-
cular outcomes. However, glucose-lowering therapies
may also influence fracture risk. Metformin is recognized
as the first-line treatment of T2D, and second-line treat-
ment consist of insulin, dipeptidylpeptidase-IV inhibitors
(DPP-IVis), sodium-glucose cotransporter 2 inhibitors
(SGLT2-is), glucagon-like peptide-1 receptor agonists
(GLP-1 RAs), glitazones, and sulphonylureas. Recently,
SGLT2-is and GLP-1 RAs have become recommended
treatments in individuals with T2D and cardiovascular
disease, and SGLT2-is are also recommended to prevent
progression of chronic kidney disease (estimated glomer-
ular filtration rate 30 to ≤ 60 ml/min) [10]. This system-
atic review aims to examine the evidence on the effects of
glucose-lowering drugs on fracture risk in patients with
T2D.

Methods

The PRISMA guidelines were followed [11]. A systematic
literature search was conducted using Medline at PubMed
(1966–2020) in January 2020 and last updated on February
27, 2020. Studies were deemed eligible for inclusion if they
investigated associations between use of glucose-lowering
drugs and fracture risk in patients with T2D. The following
types of studies were included in the review: observational
studies, randomized controlled trials (RCTs), meta-analyses
containing at least one RCT that was not included in the liter-
ature search. Studies were not excluded on the basis of lan-
guage or publication date. The glucose-lowering drugs that
were investigated were insulins, metformin, sulphonylureass,
glitazones, DPP-IVis, GLP-1 RAs, and SGLT2-is.

Free-text search terms were used. The search terms
were “diabetes and fracture” in combination with “insu-
lin,” “thiazolidinediones,” “glitazones,” “sglt-2,” “sodium

glucose cotransporter 2,” “sglt2,” “dpp-4,” “dipeptidyl
peptidase-4 inhibitors,” “glucagon-like peptide-1,” “glp-
1,” “glucagon-like peptide 1 receptor agonist,” “sulfonyl-
urea,” “sulphonylurea,” or “metformin.” In total, 1583
papers were identified. After excluding duplicates and
evaluating title and abstract, 106 publications were
assessed in full text. Of these, 60 publications were in-
cluded in this review. Figure 1 provides a flow-chart for
in-/exclusion of studies. Studies were excluded if the pop-
ulation was without diabetes, there was no investigation
of glucose-lowering drugs, or fracture was not the out-
come. Data were extracted by two reviewers, JSL and
ZAM, and included publication year, data source, study
design, investigated glucose-lowering drug, comparator
(if applicable), population mean/median age, duration of
follow-up, adjustment, and result of the study. The out-
come measures included were as follows: number of frac-
tures (prevalence), odds ratios (OR), relative risks, hazard
ratios (HR), and incidence rates. The quality of each in-
cluded study was evaluated by the level of evidence using
levels of evidence (March 2009) by the Oxford Centre for
Evidence-Based Medicine [12]. Furthermore, possible
sources of bias in the various studies were evaluated to
identify potential difficulties in the interpretation of their
findings. In drawing up the conclusions, weight was given
to the results of studies of higher order evidence and with
limited bias. In this systematic review, we did not perform
any statistical analysis due to differences in study design,
drug of use, use of comparator, outcome, and duration of
follow-up.

Results

In total, 60 studies were included. Table 1 presents the includ-
ed studies and extracted data. Study designs were mainly co-
horts (N = 33), but also case-control studies (N = 10), cross-
sectional studies (N = 2), RCTs (N = 6), and meta-analyses of
RCTs were included (N = 8). Fourteen studies investigated
multiple glucose-lowering drugs, two studies investigated
sulphonylureas, six studies investigated insulins, eight studies
investigated SGLT2-is, five studies investigated GLP-1 RAs,
11 studies investigated DPP-IVis, and 14 studies investigated
glitazones. Metformin was examined in 15 studies, although
primarily as a comparator for other drugs. The study sizes
ranged between 223 [61] and 499,526 [60•] participants, and
the mean ages of the investigated populations ranged from
43 years [9] to 81 years [25]. The follow-up of the studies
ranged between 12 weeks [47] and 20 years [22]. Thus, the
studies were heterogenous in design, study size, age of partic-
ipants, and follow-up.
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Bias and Limitations

The meta-analyses of RCTs were limited by short durations of
follow-up [36, 42, 47]. Some included studies with a follow-
up period as short as 12 weeks, and only one meta-analysis
contained studies with follow-up periods up to 4 years [46,
67]. Due to these short follow-up periods, the numbers of
fractures are relatively limited, making the interpretation of
results difficult. An increased fracture risk with a short time
to follow-up would suggest an increased risk of falls or hypo-
glycemia, whereas fractures due to bone fragility may require
years to be detected. Furthermore, fractures were not the pri-
mary outcome in the analyses in these studies. In comparison
to the cohort studies, the RCTs have limited study population
sizes. The study by Kohler et al.,which is a pooled analysis of
14 RCTs and a post hoc analysis of an additional RCT, in-
cluded more than 14,000 subjects with T2D; however, the
large pooled analysis (n = 12,620) had follow-up durations
which varied between 8 days and 78 weeks (apart from one
study with a duration of 2.6 years), whereas the relatively
small post hoc analysis of participants from the EMPA-REG
study (n = 1545) had the longest duration of follow-up of
208 weeks [37]. Thus, the RCTs and meta-analyses of RCTs
have certain flaws in interpretations of fracture risk as a long-
term consequence of glucose-lowering treatment. The obser-
vational studies are in general biased by confounding by (con-
tra)-indication. Thus, one drug might have been chosen based
on certain traits of patients. Furthermore, the comparator in
both RCTs and observational studies is variable; non-diabetes
subjects, T2D patients without pharmacological treatment,

and T2D patients using different combinations of glucose-
lowering drugs. A general concern regarding cohort studies
utilizing registries is whether the comparator constitutes a dif-
ferent group of T2D patients. The T2D population is com-
prised of participants with very different characteristics, from
patients with normal body mass index (BMI) to very obese
individuals, from patients with several comorbidities to pa-
tients with few, and the treatment may differ in regard to the
severity of diabetes. Also, many patients are treated with three
or four glucose-lowering drugs. Thus, the cohort studies may
compare patients with less severe diabetes (first- or second-
line therapy) with more severe diabetes (three or more drugs).
Another possible bias of cohort studies is that some studies
may include patients with T1D among the insulin users; this
bias would overestimate the risk of fracture in insulin users as
the relative fracture risk is higher in T1D compared to T2D.
Some cohort studies follow patients before the introduction of
treatment and thus the patients need to have survived a period
before treatment to be included in the study. This can intro-
duce immortal time bias, which is recognized in one of the
studies included in this systematic review [48, 72]. In addition,
if drug effects on fracture are expected to arise from alterations
in bone tissue, a lag time after drug initiation would be expect-
ed [73]. Although this lag time is ill-defined, short follow-up
durations would not be sufficient to explore bone-related ef-
fects but perhaps instead only fall-related effects on fracture
risk.

Finally, several included studies have drawn on data from
the same data sources, permitting some level of reporting bias.
However, since these studies were performed at different

Fig. 1 Flow-chart for in-/
exclusion of studies
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times, included patients by different criteria, and performed
different comparisons and analyses, they were considered to
be unique and eligible for inclusion. Two studies by Driessen
and colleagues both used the Clinical Practice Research
Datalink for the years 2007–2020 and 2007 with comparable
populations investigating DPP-IVis and fracture. However,
the study with the shortest follow-up duration presented addi-
tional analyses for insulin and glitazones and was thus includ-
ed [49, 51].

In the following, the findings for each drug group are pre-
sented and discussed.

Metformin

Studies examining the effects of metformin were mainly ob-
servational studies. However, one RCT with a 4-year follow-
up time reported a reduced risk of fractures in metformin users
compared to rosiglitazone users [65].Metforminmonotherapy
was associated with an increased fracture risk when compared
to a non-diabetes population and a T2D population not using
glucose-lowering drugs [14, 59]. However, metformin was
mainly associated with neutral outcomes [13, 15, 20, 24, 55,
59] or decreased fracture risk [9, 17, 19, 23, 54••] in compar-
ison to treatment with other glucose-lowering drugs. The in-
terpretation of metformin in terms of fracture risk appears to
depend on the comparator used. Based on the current evi-
dence, metformin appears to be neutral in terms of fracture
risk, although no final conclusions can be drawn.

Sulphonylureas

An RCT with a median treatment time of 4 years reported a
reduced risk in glyburide users compared to rosiglitazone
[65]. This RCT also compared rosiglitazone with metformin,
and the fracture rates among metformin and glyburide users
were similar, although not formally compared [65]. These
findings seem to highlight the importance of the comparator
used. Observational studies, however, have reported disparate
e f fec t s o f su lphonylureas . Some s tud ies found
sulphonylureas—as monotherapy or in combinations—to be
associated with an increased fracture risk in comparison to
other glucose-lowering drugs [14, 15, 18, 23, 32, 59], whereas
other studies reported neutral effects on fracture outcomes [13,
18, 20, 24, 59, 60•, 71]. In two studies, sulphonylurea treat-
ment was associated with a reduced risk of fracture [9, 16].
Compared to non-sulphonylurea users, sulphonylurea use was
associated with increased fracture risk in men with HbA1c <
6.5% [17]. To illustrate the divergence of findings between
studies examining sulphonylureas: one propensity-matched
study with new users of sulphonylureas and with metformin
as the comparator reported no difference in fracture risk in
T2D [26•], whereas another propensity-matched study where
sulphonylureas were compared with other oral glucose-

lowering drugs reported an increased hip fracture risk in pa-
tients using sulphonylureas [27]. These differences may re-
flect differences in the cohorts; the study by Lapane et al.
included very mild diabetes (monotherapy) with a low risk
of hypoglycemia, whereas the other study also included pa-
tients that were treated with multiple drugs [27]. A recent
meta-analysis reported a 14% increased fracture risk in
sulphonylurea users compared to T2D treated with different
comparators [74]. Thus, the evidence on sulphonylureas is
inconclusive.

Glitazones

A meta-analysis of ten RCTs reports increased fracture risk in
female glitazone users compared to placebo or an active com-
parison [67••]. In addition, two RCTs showed that
rosiglitazone was associated with a 57–81% increased fracture
risk compared to metformin or sulphonylureas, the finding
being significant only in women and not in men [63, 65]. In
observational studies, glitazones users had an increased frac-
ture risk compared to non-glitazone users, users of metformin
in monotherapy, users of other glucose-lowering drugs, or
non-diabetics [13, 14, 16, 23, 55, 59, 60•, 62, 64, 66, 68,
71]; however, in some studies which differentiated between
men and women, the increased fracture risk was only present
in women [13, 60•, 62, 64]. Furthermore, a study investigating
discontinuation of glitazones reported that discontinuation
significantly attenuates the fracture risk [69••]. However,
glitazones were also associated with neutral outcomes in some
studies compared to metformin monotherapy, sulphonylurea
monotherapy, or other glucose-lowering drugs [18, 24, 70];
one such study reported a confidence interval from 0.98 to
1.77 [70], another study had only 32 (0.2%) glitazone users
[18], and a study had 0.1% glitazone users [24]. Although the
RCTs have not been conducted with fracture as the primary
outcome, the evidence is compelling that glitazones increase
fracture risk in women, whereas it is more uncertain in men.

Insulin

In regard to fracture risk, several studies report that insulin use
was associated with an increased fracture risk compared to
other glucose-lowering drugs, non-insulin use, metformin
monotherapy, or non-diabetics [15–22, 25, 31, 54••, 55, 59],
but insulin use was also associated with neutral outcomes in
other studies using similar comparators [9, 13, 24, 28, 32]. A
study comparing women with T2D with non-diabetics report-
ed that insulin users had an increased fracture risk, but so did
non-insulin users [33]. A study investigating switch from oral
glucose-lowering drugs to insulin found that this was associ-
ated with an increased fracture risk [29••], and in a propensity
score-matched study insulin users displayed an increased frac-
ture risk compared to non-insulin users [30•]. The evidence on
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insulin use and fracture risk is difficult to decipher, as insulin
therapy in T2Dmay be related to longer diabetes duration and
severity, and epidemiologic studies may include T1D incor-
rectly classified as insulin using T2D, thereby overestimating
fracture risk. Furthermore, some studies compare to a non-
diabetic reference [28, 31, 33], whereas others compare to
other patients with diabetes [18, 29••, 32]. Similarly to
sulphonylureas, insulin use is associated with a risk of hypo-
glycemia. Insulin-treated patients with DM have a higher risk
of low-impact falls [75], and under the assumption of frail
bones this may lead to fractures. The combination of insulin
and sulphonylureas was associated with a twofold increased
risk of hip fracture [15], and insulin use was associated with
increased fracture risk in men with HbA1c < 6.5% [17].
Insulin use was associated with a reduced risk of fracture in
one study [23]. Thus, physicians should be aware that the risk
of hypoglycemia associated with insulin may lead to fractures.

DPP-IV Inhibitors

Most population-based observational studies reported no as-
sociation between DPP-IVis and fracture, even in those with a
treatment duration of 4 years or more compared to non-insulin
glucose-lowering drugs or non-DDP-IVi use [49–52, 55, 57].
Neither in combination with metformin [14, 18] nor with in-
sulin and metformin [18] could an association be found be-
tween DPP-IVi treatment and fracture when compared to met-
formin monotherapy or non-DPP-IVi use. However, DPP-
IVis were associated with a reduced risk of fracture in one
study where they were compared to glitazones [52] and in
two population-based studies compared to non-DPP-IVi use
[48, 53], although one of these studies may be subject to
immortal time bias [48]. In post hoc analyses of RCTs,
DPP-IVi treatment was not associated with fracture compared
to placebo [54••, 56]. In a meta-analysis of RCTs, DPP-IVi
treatment was not associated with fractures compared to pla-
cebo or other glucose-lowering drugs [47]. However, the
meta-analysis is limited by short follow-up durations
(12 weeks to 43 months). In terms of fracture risk, treatment
with DPP-IVi appears to be safe.

GLP-1 Receptor Agonists

GLP-1 RA treatment was associated with neutral fracture re-
lated outcomes in cohort studies [24, 43, 44]. In a meta-
analysis of RCTs with follow-up durations between 26 weeks
and 42 months, GLP-1 RA treatment was associated with a
reduced fracture risk [42], whereas other meta-analyses of
RCTs reported neutral results [45, 46]. These meta-analyses
are limited by short durations of follow-up (12 to 104 weeks).
The current evidence, thus, points to neutral effects on fracture
risk in patients with T2D.

Sodium-Glucose Cotransporter 2 Inhibitors

The current evidence from observational studies and RCTs is
sparse and limited by short durations of follow-up. No differ-
ence in fracture risk was observed in two propensity score–
matched cohort studies comparing new users of SGLT2-is
with new users of GLP-1 RA [35, 40]. In a propensity
score–matched cohort study comparing new users of
SGLT2-is with new users of DPP-IVi, an initial increase in
fracture risk was observed in SGLT2-i users; however, this
attenuated with longer treatment duration [34]. The finding is
supported by a case-control study where combination treat-
ment of metformin and SGLT2-is was not associated with
fracture when compared to metformin and DPP-IVi in com-
bination [38]. The initial fractures might be due to initial ep-
isodes of hypoglycemia in this study sample. However, users
of insulin were excluded from the study, and SGLT2-is are in
general considered safe in terms of hypoglycemia, wherefore
we speculate this to be a chance finding. A meta-analysis of
RCTs limited by short study durations (24–160 weeks) and a
pooled analysis of 13 RCTs (of 12 or 24 weeks’ duration)
reported no increased fracture rate in SGLT2-i users compared
to placebo or active treatment [36, 39••]. Another meta-
analysis of RCTs with at least 52 weeks of follow-up reported
a 32% increased fracture risk compared to placebo or active
treatment [41••]. A post hoc analysis collating data fromRCTs
reported no increased fracture risk in SGLT2-i users compared
to users of sulphonylureas or placebo [37]. Although the evi-
dence in general supports no effect of SGLT2-is on fracture
risk, the pooled analysis of data from RCTs reported an in-
creased fracture risk in canagliflozine treated subjects [41••].
However, this study was compromised by short duration of
treatment and of follow-up [41••].

Discussion

This systematic overview has presented data on the associa-
tions between glucose-lowering drugs and fracture risk. As
highlighted, short study durations presented major limitations
in both RCTs and meta-analyses, making assessment of frac-
ture risk difficult. Fracture outcomes in studies with short
durations (less than 1 year) would expectedly be due to falls
and hypoglycemia, whereas long-term alterations of bone
quality and structure expectedly evolve after a longer expo-
sure. Although this review assesses several levels of evidence,
the RCTs had limited study size in comparison to cohort stud-
ies. Observational studies, although examining larger popula-
tion sizes, are subject to inherent bias, such as confounding by
indication and comparison of dissimilar T2D populations. In
addition, individuals with T1D may have been misclassified
as having T2D in some studies, and registry data on medica-
tion are similarly subject to flaw.
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Metformin is the backbone of T2D treatment. In vitro stud-
ies suggest that metformin is bone anabolic by increasing
osteoblastogenesis via increased Runx2 secretion [76].
However, in humans treatment with metformin for 12months,
treatment did not change C-terminal cross-linked telopeptide
of type-I collagen (CTX) levels, but bone specific alkaline
phosphatase and pro-collagen type I N-terminal propeptide
(P1NP) levels were reduced [77], and circulating metformin
levels were not associated with CTX or P1NP levels [78].

The studies included in this review examining metformin
were observational studies, and various comparators were
used. Overall, the evidence points towards a neutral effect of
metformin on fracture risk.

Sulphonylureas were found in an animal study to increase
bone formation and inhibit changes caused by estrogen defi-
ciency [79]. In humans, 12 months of glyburide treatment did
not change CTX levels, and P1NP was slightly reduced, al-
though to a lesser extent compared to metformin use [77].
Sulphonylureas are associated with hypoglycemic episodes
[15], although a systematic review concluded that the evi-
dence was too sparse to conclude that sulphonylureas increase
risk of falls [80]. However, falls represent a plausible mecha-
nism by which sulphonylurea-induced hypoglycemia may in-
crease fracture risk. The findings regarding sulphonylureas in
this review were more disparate, however, as some studies
reported neutral outcomes, while others reported either in-
creased or decreased fracture risk. These seemingly contrast-
ing findings may be due to differences between studies, as
there appears to be a difference between individuals in mono-
therapy and individuals treated with multiple glucose-
lowering drugs. However, it is worth considering whether
the increased risk of hypoglycemia is associated with an in-
creased fracture riskmediated by falls in individuals with strict
glycemic control or concomitant use of insulin.

Glitazones are the glucose-lowering drugs with the most
evidence on bone health and fracture risk. Glitazones cause
differentiation of mesenchymal stem cells into an adipocytic
lineage instead of an osteoblastic lineage [81]. Humans treated
with glitazones have demonstrated increased CTX levels, re-
duced P1NP levels [77], and lower BMD [67••].

Glitazones were well-examined compared to the other
glucose-lowering drugs, and the evidence points more clearly
towards an increased fracture risk in women, whereas the
evidence is less definitive in men. Thus, caution should be
taken when prescribing glitazones to women.

Insulin is suggested to be bone anabolic [82]. In a murine
model of type 1 diabetes, treatment with insulin led to signif-
icantly less bone loss [83]. Thus, insulin and addition of ex-
ogenous insulin may improve bone mass. However, a study
reported no acute changes in bone turnover markers at differ-
ent insulin levels in both non-diabetic subjects and patients
with T2D [84]. The type of insulin seems to be of no conse-
quence, as CTX and P1NP increased similarly in both groups

after randomization to 2 years of treatment with short-acting
insulin (aspart) or long-acting insulin (NPH, neutral protamine
Hagedorn) [78]. With regard to fracture risk, insulin treatment
was associated with varying findings, although several studies
reported increased fracture risk. This may be related to mis-
classification of T1D as T2D and may also be related to more
severe diabetes in individuals receiving insulin than in non-
insulin users. However, the risk of hypoglycemia associated
with insulin use may be a cause of falls and fractures.

Hypoglycemia is an unwanted side effect of both insulin
and SUs. If these drugs can be administered without causing
hypoglycemia and fall risk, it may be possible to avoid an
increased risk of fractures.

In vitro studies have suggested that DPP-IVis influence
bone metabolism by prolonging the effects of gastric inhibi-
tory peptide (GIP) [85], and in T1D patients GIP infusion
decreased CTX levels independently of glycemia [86]. Also,
sitagliptin inhibited bone resorption in vitro [87].

In almost all studies, DDP-IVis were not associated with
fracture risk, suggesting that DPP-IVi treatment is probably
safe with regard to fracture, although most studies were ob-
servational and intervention studies were limited by short fol-
low-up.

Thus, the evidence suggests that DPP-IVis are safe in terms
of fracture risk, albeit with no protective effect.

GLP-1 RA constitutes a relatively new glucose-lowering
drug group which has cardioprotective effects [88].
Osteoblastic cell lines express GLP-1 receptors, and GLP-1
increases osteoblastic differentiation and proliferation [89]
and GLP-1 receptor knockout mice had an increased number
of osteoblasts and reduced bone mass [90]. In an RCT on
patients with T2D, liraglutide treatment for 26 weeks did not
alter CTX or P1NP despite weight loss and preserved hip
BMD compared to the placebo group [91]. Additionally, in
obese subjects undergoing weight loss by caloric restriction
liraglutide prevented bone loss and increased P1NP compared
to controls [92]. Although the preclinical and clinical evidence
points to potential beneficial effects of GLP-1 RAs on bone,
GLP-1 RAs were not associated with fracture risk in the pre-
sented studies. However, it is worth considering whether
GLP-1 RAs may protect bones during weight loss, which is
associated with frailty fractures in T2D [93]. It is expected that
the numbers treated with GLP-1 RAs will increase due to the
cardioprotective effect. Thus, it is important to observe poten-
tial side effects such as fracture in the coming years.

SGLT2-is are also a relatively new group of glucose-
lowering drugs with both cardioprotective and renoprotective
effects [94, 95]. In terms of bone health, it was hypothesized
that the glucosuria seen in SGLT2-i treatment would cause an
osmotic loss of minerals and thereby bone loss. Diabetic mice
treated with SGLT2-is had impaired cortical and trabecular
bone microarchitecture and increased CTX levels compared
with non-treated animals [96]; however, not all animal studies
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found detrimental effects of SGLT2-is [97]. In older patients
with T2D, levels of CTX and P1NP increased and a small yet
significant bone loss was observed in canagliflozin-treated
patients with T2D compared with placebo-treated patients
with T2D [98]. Thus, it is unclear whether SGLT2-is have a
negative effect on bone health. However, it is also worth con-
sidering whether SGLT2-is has an indirect effect on fracture
risk by inducing weight loss [99].

SGLT2-is was not associated with fracture risk in most of
the included studies, although a pooled analysis of data from
RCTs with 1–2 years of follow-up did report an increased
fracture risk. There may be differential effects among
SGLT2-is asWatts et al. found canagliflozine to be associated
with an increased risk of adjudicated fractures with a HR of
1.32 (95% CI 1.00–1.74) [41••] and the meta-analysis by
Tang et al. reported a pooled OR of 1.24 (95% CI 0.79–
1.95) [39••]. Although non-significant, the meta-analysis by
Tang et al. is suggestive of an increased fracture risk in
canagliflozine users. In contrast, neither dapagliflozine nor
empagliflozine were associated with fracture risk in the
pooled analyses [36, 37, 39••]. Thus, future studies should
examine possible differential effects of SGLT2-is. As more
patients will be treated with these drugs and current studies
have relatively short follow-up periods, it is important to fol-
low potential fractures in SGLT2-i and GLP-1 RA-treated
individuals and patients undergoing intended weight loss.

Metformin is an insulin sensitizer, and SGLT2-i and GLP-
1 RA both cause a mild to moderate weight loss; thus, these
drugs are commonly used in obese T2D subjects. Metformin,
SGLT2-is, and GLP-1 RAs all appear to be neutral in terms of
fracture risk; however, this may be partly due to confounding
by indication in observational studies; as increasing BMI is
associated with increased BMD and obesity itself is associated
with reduced fracture risk [100], although debated as abdom-
inal obesity has been associated with fractures [101]. In addi-
tion, obese individuals may be less prone to hypoglycemia
due to insulin resistance.

The uncertainty in interpreting the results of studies
on fracture risk and glucose-lowering drug use is em-
phasized by the fact that while studies have found in-
creased fracture risk in individuals with T2D [1••],
some studies have found the effect to be fully attenuat-
ed after adjusting for insulin use [25, 102]. Fracture risk
may, for instance, be elevated in certain diabetic popu-
lations due to a variety of factors influencing fall risk in
addition to hypoglycemia. Apart from age being a risk
factor for falls [103], diabetes itself is associated with
an increased risk of falls [104] at least in part due to
polypharmacy, poor walking function (including affected
posture and gait), and reduced cognitive function [105,
106]. Gait performance may be affected by complica-
tions to diabetes, such as diabetic sensory neuropathy
[107], diabetic retinopathy [108], or reduced muscle

strength [109]. In addition, concomitant drug use (e.g.,
antihypertensive drugs) and comorbidities (e.g., dizzi-
ness and cardiovascular disease) increase fall risk [110].

Finally, a general concern with registry studies is
underreporting; both fracture rates and T2DM prevalence
may be subject to error, leading to underestimation of
associations.

Conclusion

Metformin, dipeptidylpeptidase-IV inhibitors, glucagon-like
peptide-1 receptor agonists, and sodium–glucose
cotransporter 2-inhibitors appear to be safe with regard to
fracture risk. Results for insulin and sulphonylureas were
more disparate, although there may be an increased fracture
risk related to hypoglycemia and falls with these treatments.
Glitazones were consistently associated with increased frac-
ture risk in women, although the evidence was sparser in men.

When prescribing glucose-lowering drugs, particularly to
the elderly osteoporosis-prone population, care must be given
in determining the right drug to prescribe, and fracture risk
should be considered in this assessment. In particular, it is
worth noting the introduction of new glucose-lowering drugs
and changes in possible prescription patterns.

It is important to gain a better understanding of the effects
of different glucose-lowering drugs on fracture risk, as frac-
tures lead to higher morbidity and mortality, and evidently
more so in the diabetic population [111]. Therefore, our find-
ings warrant continued research on the effects of glucose-
lowering drugs on fracture risk, elucidating the class-specific
effects of these drugs.
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