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OBJECTIVE

To assess the effect of empagliflozin on bone fractures and bone mineral density
in patients with type 2 diabetes in pooled placebo-controlled trial data and a
head-to-head study versus glimepiride.

RESEARCH DESIGN AND METHODS

Pooled data were analyzed from patients who were randomized 1:1:1 to empagliflozin
10 mg, empagliflozin 25 mg, or placebo in phase I–III clinical trials. Data were also
analyzed from the EMPA-REG H2H-SU trial in which patients received empagliflozin
25 mg or glimepiride as an add-on to metformin for 104 weeks with a 104-week
extension. Bone fracture adverse events (AEs) were evaluated through a search of
investigator-reported (nonadjudicated) events.

RESULTS

In the pooled analysis, bone fracture AEs were reported in 119 of 4,221 (2.8%),
105 of 4,196 (2.5%), and 123 of 4,203 (2.9%) patients in the empagliflozin 10 mg,
empagliflozin 25 mg, and placebo groups, respectively (rates of 1.55, 1.36,
and 1.69/100 patient-years, respectively). In the EMPA-REG H2H-SU trial, bone
fracture AEs were reported in 31 of 765 (4.1%) patients receiving empagliflozin
25 mg and in 33 of 780 (4.2%) patients receiving glimepiride (rates of 1.28 and
1.40/100 patient-years, respectively).

CONCLUSIONS

Empagliflozin did not increase the risk of bone fracture compared with placebo in
a pooled analysis of >12,000 patients or compared with glimepiride in a 4-year
head-to-head study.

Patients with type 2 diabetes have an increased risk of bone fractures compared with
individuals without diabetes (1–3) for a number of possible reasons, including the
effects of diabetes on bone macroarchitecture and microarchitecture and turnover
and the presence of complications that may increase the risk of falls (4). Bone safety
profiles of glucose-lowering agents may need to be considered in the manage-
ment of patients with type 2 diabetes at risk for fractures (4,5). Some sodium–glucose
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cotransporter 2 (SGLT2) inhibitors increase
concentrations of serum phosphate, likely
as a result of increased tubular reabsorp-
tion, which may have adverse effects on
bone (6), and an increased risk of bone
fracture is listed as a side effect of the
SGLT2 inhibitor canagliflozin (7).

Empagliflozin is a potent and selective
SGLT2 inhibitor that is used for the treat-
ment of type 2 diabetes. In phase III trials,
empagliflozin 10 mg and 25 mg as mono-
therapy or as add-on therapy significantly
reduced HbA1c level, weight, and systolic
blood pressure in patients with type 2
diabetes (8–11). There was no increase
in bone fracture adverse events (AEs)
with empagliflozin 10 mg or 25 mg com-
pared with placebo in patients with
type 2 diabetes and chronic kidney dis-
ease (12) or in patients with type 2 dia-
betes and high cardiovascular risk (13).
There was no increase in bone fracture AEs
with empagliflozin 25 mg compared with
glimepiride in patients with type 2 dia-
betes in a 104-week head-to-head study
(EMPA-REG H2H-SU trial) (14). We pres-
ent the effect of empagliflozin on bone
fractures in patients with type 2 diabe-
tes using pooled data from placebo-
controlled clinical trials and 4-year data
from the head-to-head study versus
glimepiride (EMPA-REG H2H-SU trial),
and the effect of empagliflozin on bone
mineral density in a substudy of the
EMPA-REG H2H-SU trial.

RESEARCH DESIGN AND METHODS

Study Populations
Data on bone fractures were pooled from
patients with type 2 diabetes who were
randomized in a 1:1:1 ratio to receive
empagliflozin 10 mg, empagliflozin 25 mg,
or placebo in phase I–III clinical tri-
als. This comprised 14 phase I–III trials
with a duration of 8 days to 78 weeks
(8–12,15–23); the 52-week extension to
the phase III trials of empagliflozin given
as monotherapy or as add-on therapy to
metformin, metformin plus sulphonylurea,
and pioglitazone with or without metfor-
min (24–27); and the phase III cardiovas-
cular outcomes trial EMPA-REG OUTCOME
(median duration of treatment 2.6 years)
(13).

Bone fractures were also analyzed in
the EMPA-REG H2H-SU trial, where pa-
tients received empagliflozin 25 mg once
daily or glimepiride 1–4 mg once daily,
in addition to metformin and diet and

exercise counseling for 104 weeks, and
could participate in a 104-week exten-
sion (14). Patients were required to be
receiving an unchanged dose of met-
formin immediate release ($1,500 mg/day,
maximum tolerated dose, or maximum
dose according to the local label) for at
least 12 weeks before randomization.
Patients with an estimated glomerular
filtration rate (eGFR) of ,60 mL/min/
1.73 m2 at screening or during the
placebo run-in period were excluded.
Glimepiride was initiated at a dose of
1 mg/day, with a recommendation for
uptitration if the fasting plasma glucose
concentration (assessed with home mon-
itoring) was .6.1 mmol/L to 2 mg/day
at week 4, 3 mg/day at week 8, and
4 mg/day at week 12. In this study, sites
could choose whether to participate in
a dedicated body composition substudy
in which whole-body DXA scans, regional
DXA scans, and/or MRI scans were per-
formed. Patients who chose to partici-
pate were required to sign an additional
informed consent form. Patients with
regional DXA scans of the lumbar spine
(total L1–L4) or proximal femur (includ-
ing total femur or femoral neck regions)
with a baseline T-score of less than or
equal to 22.5 were to be treated for
osteoporosis at the discretion of the
investigator and were to be excluded
from participation in the bone mineral
density part of the substudy. Patients
who had received a diagnosis of oste-
oporosis during the study were treated
at the discretion of the investigator and
could continue in the substudy.

End Points
Investigators in the trials that were in-
cluded in this analysis reported AEs,
which were coded according to the Med-
ical Dictionary for Regulatory Activities
(MedDRA) version 18.0. Bone fracture
AEs were not adjudicated. Bone fracture
AEs were assessed through a search of
62 preferred terms related to fractures,
including terms related to vertebral frac-
tures. The assessment was based on AEs
that occurred during treatment or within
7 days after the last dose of study drug.
AEs classified as serious were as reported
by the investigator. A serious AE was one
that resulted in death, was immediately
life threatening, resulted in persistent or
significant disability/incapacity, required
or prolonged patient hospitalization, was
a congenital anomaly/birth defect,

or was deemed serious for any other
reason based on appropriate medical
judgment.

Bone markers were measured from
urine samples (N-terminal telopeptides
of type I collagen expressed as a ratio to
creatinine) and blood samples (alkaline
phosphatase, total protein, albumin, in-
tact parathyroid hormone, 25-OH vita-
min D, calcium, and phosphate) taken
during study visits. We present changes
from baseline to the last value obtained
during treatment.

In the EMPA-REG H2H-SU trial, DXA
scans of the femoral neck and lumbar
spine were taken at weeks 52, 104, 156,
and 208. The right proximal femur was
the preferred side (the left side was ac-
ceptable if the right side was not evalu-
able), and the same side was to be
imaged for each patient at each time
point. Bone mineral density was ana-
lyzed from DXA scans of the lumbar spine
and femoral neck. Bone mineral content
was analyzed from whole-body DXA scans.
DXA scans were to be performed using
Lunar Prodigy, Lunar Prodigy Advance,
Lunar iDXA, or Hologic scanners and
were analyzed by a central imaging lab-
oratory. A spine phantom was measured
before, during, and after acquiring
data,and measurements during the trial
were required to be within quality con-
trol limits calculated at baseline. The
data presented are cross-calibration–

corrected values.

Analyses
Bone fractures and changes from base-
line in bone markers were analyzed in
randomized patients treated with one
or more doses of study drug. We as-
sessed the percentage of patients with
bone fracture AEs (any, serious, leading
to treatment discontinuation) and the
event rate/100 patient-years in each
treatment group. For any bone fracture
AEs in all patients, we calculated inci-
dence rate ratios and CIs for differen-
ces between empagliflozin and placebo
or glimepiride. Kaplan-Meier estimates
are presented for the time to first
fracture. In the pooled analysis, we
assessed the percentage of patients
with any bone fracture AEs and event
rates in subgroups by sex, baseline age
(,50, 50 to ,65, 65 to ,75, and $75
years), baseline eGFR (according to
the Modification of Diet in Renal Dis-
ease equation; $90, $60 to ,90, $45
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to ,60, $30 to ,45, and ,30 mL/min/
1.73 m2), time since diagnosis of type 2
diabetes (#1, .1 to #5, .5 to #10,
and .10 years), use of insulin at baseline
(yes/no), diabetic nephropathy at base-
line (yes/no), diabetic neuropathy at base-
line (yes/no), and diabetic retinopathy
at baseline (yes/no), and incidence rate
ratios and CIs were calculated for differ-
ences between empagliflozin and placebo.
Weanalyzeddescriptivelythepercentage
of patients with any bone fracture AE by
fracture site (lower limb, upper limb, tho-
racic cage, spinal, skull and facial, pelvic,
and other) based on grouping preferred
terms. Serious bone fracture AEs, bone
fracture AEs leading to treatment discon-
tinuation, and changes from baseline in
bone markers were analyzed descriptively.

Changes from baseline in bone min-
eral density parameters and bone min-
eral content were assessed using mixed-
model repeated-measures analyses in
patients who participated in the EMPA-
REG H2H-SU body composition substudy
who had valid baseline and on-treatment
DXA or MRI scans. The mixed-model
repeated-measures analyses were based
on observed cases including values af-
ter the initiation of rescue medication.
The models included the baseline value
of the end point in question as a linear
covariate and sex, age group, treatment,
visit, visit by treatment interaction, and
sex by age group interaction as fixed
effects.

RESULTS

Study Populations
In the pooled analysis of data from
.12,000 patients with type 2 diabetes
in placebo-controlled trials, 4,221 pa-
tients received empagliflozin 10 mg,
4,196 patients received empagliflozin
25 mg, and 4,203 patients received pla-
cebo. Baseline characteristics were sim-
ilar between the empagliflozin groups
and the placebo group (Supplementary
Table 1). At baseline, 13% of patients
were not receiving any other glucose-
lowering therapy, 29% were receiving
one glucose-lowering therapy (mostly
metformin or insulin), and 45% were
receiving two glucose-lowering therapies
(mostly metformin and sulphonylurea
or metformin and insulin) (Supplemen-
tary Table 1). At baseline, 81% of patients
were receiving antihypertensive therapy,
3% were receiving calcium supplements,

4% were receiving vitamin D, and ,1%
were receiving therapy for the treatment
or prevention of bone diseases. Approx-
imately 17% of patients had diabetic reti-
nopathy, 25% had diabetic neuropathy, and
15% had diabetic nephropathy (Sup-
plementary Table 1). The median expo-
sure time (range) was 698 (1–1,546) days,
699 (1–1,632) days, and 658 (1–1,549)
days in the empagliflozin 10 mg, empagli-
flozin 25 mg, and placebo groups, respec-
tively; 45% of patients were exposed to
the study drug for $2 years, and 23% were
exposed to the study drug for $3 years.

In the EMPA-REG H2H-SU trial, 769 and
780 patients were randomized to empa-
gliflozin 25 mg and glimepiride 1–4 mg as
add-on therapy to metformin, respec-
tively, of whom 576 and 549 patients,
respectively, completed 104 weeks of
treatment and entered the 104-week ex-
tension period. Bone mineral density was
analyzed in patients from the body com-
position substudy who provided analyz-
able data (50 and 39 patients at baseline,
and 28 and 10 patients at week 208, in
the empagliflozin and glimepiride groups,
respectively), and bone mineral content
was analyzed in patients from the substudy
who provided analyzable data (46 and
38 patients at baseline, and 25 and 10
patients at week 208, in the empagliflozin
and glimepiride groups, respectively). Base-
line characteristics were balanced between
the empagliflozin and glimepiride groups in
the total study population (Supplementary
Table 2) and in the body composition sub-
study (Supplementary Table 2). In the total
study population, 61% of patients were
receiving antihypertensive therapy, 4%
were receiving calciumsupplements, 2%
were receiving vitaminD, and,1% were
receiving therapy for the treatment/
prevention of bone diseases. Approxi-
mately 5% of patients had diabetic ret-
inopathy, 8% had diabetic neuropathy,
and 3% had diabetic nephropathy (Sup-
plementary Table 2).

Bone Fracture AEs in Placebo-
Controlled Trials
Bone fracture AEs were reported in 119
patients (2.8%), 105 patients (2.5%), and
123 patients (2.9%) in the empagliflozin
10 mg, empagliflozin 25 mg, and placebo
groups, respectively (Fig. 1 and Table 1).
This corresponded to rates of 1.55, 1.36,
and 1.69 events/100 patient-years, respec-
tively. Kaplan-Meier estimates of the time
to first fracture were similar between the

empagliflozin and placebo groups, and
there was no evidence of an increased risk
of fractures with empagliflozin compared
with placebo at any time point (Supple-
mentary Fig. 1). Serious bone fracture
AEs were reported in 30 patients (0.7%),
37 patients (0.9%), and 44 patients (1.0%)
in the empagliflozin 10 mg, empagliflozin
25 mg, and placebo groups, respectively. The
proportion of patients with bone fracture
AEs leading to treatment discontinuation
was numerically greater in the placebo group
than in the empagliflozin groups (Table 1).
The most common sites for bone fractures
in all of the treatment groups were the
lower and upper limbs (Table 1). The rate of
hip fractures was low in all treatment groups
(Table 1). The proportion of patients with
pathological fractures was similar between
the empagliflozin and placebo groups (Ta-
ble 1). The rate of falls was similar among
the empagliflozin 10 mg (1.17/100 patient-
years), empagliflozin 25 mg (1.07/100
patient-years), and placebo (1.07/100
patient-years) groups, respectively.

A numerically greater proportion of
female than male patients experienced
bone fracture AEs with empagliflozin 10
mg or placebo, but not with empagliflozin
25 mg (Fig. 1). The proportion of patients
with bone fracture AEs increased with
age, regardless of treatment (Fig. 1). In
the subgroup of patients who were
$75 years of age, there were numerically
more fractures in the empagliflozin groups
(13 of 277 patients [4.7%] receiving em-
pagliflozin 10 mg and 13 of 285 patients
[4.6%] receiving empagliflozin 25 mg)
than in the placebo group (11 of 282
patients [3.9%]), but the number of
patients $75 years of age at baseline
was small. The proportion of patients
with bone fractures was numerically
greater in those with moderate renal
impairment at baseline than in those
with no/mild renal impairment in all
treatment groups (Fig. 1). The proportion
of patients with bone fractures increased
with increasing time since the diagnosis of
type 2 diabetes in all treatment groups but
was similar between the empagliflozin and
placebo groups (Fig. 1). Fracture rates were
higher in patients who were receiving
insulin at baseline but remained similar
between the empagliflozin and placebo
groups (Fig. 1). Fracture rates were slightly
higher in patients with diabetic nephrop-
athy, neuropathy, or retinopathy at base-
line but remained similar between the
empagliflozin and placebo groups (Fig. 1).
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Figure 1—Incidence and rate ratios of bone fracture AEs in all patients and in subgroups from placebo-controlled trials and in all patients treated
with empagliflozin or glimepiride in the EMPA-REG H2H-SU trial. Data from patients treated with one or more doses of study drug. Baseline eGFR
was not available for four patients. Information on the time since the diagnosis of type 2 diabetes in categories #1, .1 to #5, .5 to #10,
and .10 years was not available for 719 patients. Information on the presence of diabetic nephropathy, neuropathy, and retinopathy was not available
for 108 patients. Rate ratio and 95% CI are not shown for patients with time since diagnosis of type 2 diabetes of #1 year because there were ,14
events in that subgroup category. Pt-yr, patient-years.
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Bone Fracture AEs in EMPA-REG
H2H-SU Trial
In the 4-year head-to-head study of
empagliflozin 25 mg versus glimepiride
1–4 mg in patients with type 2 diabetes,
bone fracture AEs were reported in 31 pa-
tients (4.1%) treated with empagliflozin and
33 patients (4.2%) treated with glimepiride
(Fig. 1 and Table 2). Kaplan-Meier estimates
of time to first fracture were similar between
the empagliflozin and glimepiride groups,
and there was no evidence of an increased
risk of fractures with empagliflozin compared
with glimepiride at any time point (Supple-
mentary Fig. 2). Serious bone fracture AEs
were reported in a numerically greater pro-
portion of patients receiving empagliflozin
(1.4%) than receiving glimepiride (0.5%).

No bone fracture AEs led to treatment
discontinuation in either group. The upper
limb was the most common site for frac-
tures in both groups (Table 2).

Bone Mineral Density, Bone Mineral
Content, and Bone Markers
No clinically relevant changes from base-
line in bone markers were observed with
empagliflozin or placebo in placebo-
controlled trials (Supplementary Table 4)
or with empagliflozin compared with gli-
mepiride in the EMPA-REG H2H-SU trial
(Supplementary Table 5).

In the EMPA-REG H2H-SU trial, there
were no significant differences between
empagliflozin and glimepiride in changes
from baseline in femoral neck or lumbar
spine T-scores at weeks 52, 104, 156, or

208 (Supplementary Fig. 3). In both
groups, the mean femoral neck and
lumbar spine T-scores remained in the
normal range (above 21) at weeks 52,
104, 156, and 208 (Supplementary Fig. 3).
There were no significant differences
between empagliflozin and glimepiride
groups in change from baseline in bone
mineral content at weeks 52, 104, 156, or
208 (Supplementary Fig. 4).

CONCLUSIONS

In a large pooled analysis of placebo-
controlled clinical trial data from .12,000
patients with type 2 diabetes, the incidence
of nonadjudicated bone fracture AEs was
low and similar between the empagliflozin
and placebo groups. In the EMPA-REG

Table 1—Patients with bone fracture AEs in placebo-controlled trials

Empagliflozin 10 mg
group (n = 4,221)

Empagliflozin 25 mg
group (n = 4,196) Placebo group (n = 4,203)

n (%)
Rate/100

patient-years n (%)
Rate/100

patient-years n (%)
Rate/100

patient-years

Any bone fracture AE 119 (2.8) 1.55 105 (2.5) 1.36 123 (2.9) 1.69

Pathological fracturea 10 (0.2) 0.13 6 (0.1) 0.08 9 (0.2) 0.12

Serious bone fracture AEb 30 (0.7) 0.38 37 (0.9) 0.47 44 (1.0) 0.59

Bone fracture AE leading to treatment
discontinuation 6 (0.1) 0.08 8 (0.2) 0.10 17 (0.4) 0.23

Bone fracture site
Lower limb 30 (0.7) 0.38 41 (1.0) 0.53 45 (1.1) 0.61

Hip 3 (0.1) 0.04 9 (0.2) 0.12 5 (0.1) 0.07
Upper limb 41 (1.0) 0.53 25 (0.6) 0.32 23 (0.5) 0.31
Thoracic cage 22 (0.5) 0.28 16 (0.4) 0.20 17 (0.4) 0.23
Spinal 1 (,0.1) 0.01 9 (0.2) 0.12 12 (0.3) 0.16
Skull and facial 7 (0.2) 0.09 3 (0.1) 0.04 5 (0.1) 0.07
Pelvic 4 (0.1) 0.05 2 (,0.1) 0.03 3 (0.1) 0.04
Other 20 (0.5) 0.26 17 (0.4) 0.22 26 (0.6) 0.35

Patients treated with one or more doses of study drug. aMedDRA preferred terms “pathological fracture” and “osteoporotic fracture.” bAE reported
as serious AE by investigator.

Table 2—Patients with bone fracture AEs in the EMPA-REG H2H-SU trial

Empagliflozin 25 mg (n = 765) Glimepiride 1–4 mg (n = 780)

n (%) Rate/100 patient-years n (%) Rate/100 patient-years

Total with bone fracture AEs 31 (4.1) 1.28 33 (4.2) 1.40

Serious bone fracture AEsa 11 (1.4) 0.45 4 (0.5) 0.17

Bone fracture AEs leading to treatment discontinuation 0 0 0 0

Bone fracture site
Upper limb 11 (1.4) 0.45 15 (1.9) 0.63
Lower limb 9 (1.2) 0.37 5 (0.6) 0.21
Thoracic cage 1 (0.1) 0.04 6 (0.8) 0.25
Spinal 0 0 2 (0.3) 0.08
Skull and facial 1 (0.1) 0.04 1 (0.1) 0.04
Pelvic 0 0 1 (0.1) 0.04
Other 10 (1.3) 0.41 3 (0.4) 0.12

Patients treated with one or more doses of study drug. aAEs reported as serious AEs by investigator.
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H2H-SU study, the incidence of bone
fracture AEs was similar between the
empagliflozin 25 mg and glimepiride
groups over 4 years; the incidence of se-
rious bone fracture AEs was low but was
numerically higher in patients treated with
empagliflozin than with glimepiride. The
incidence of upper limb fractures and
lower limb fractures, including hip fractures,
appeared to be similar between patients
treated with empagliflozin and patients
treated with placebo or glimepiride.

In all subgroups by age, sex, renal
function, time since diagnosis of type 2
diabetes, and presence of diabetes com-
plications, the proportions of patients
with bone fracture AEs were similar across
treatment groups except for a numerically
higher proportion of patients receiving
empagliflozin than placebo in patients
aged $75 years; however, the total expo-
sure in the subgroup of patients aged $75
years was limited. The proportion of patients
with fractures increased with age and was
numerically greater in female than in male
patients, which is consistent with pub-
lished data (28); however, female patients
comprised only 35% of the total study
population. An eGFR of ,60 mL/min/
1.73 m2 is a known risk factor for bone
fracture (28), and in our analyses the
proportion of patients with bone fracture
AEs was numerically greater in those with
moderate renal impairment compared
with those with no/mild renal impair-
ment in both the empagliflozin and pla-
cebo groups. A duration of diabetes of
$10 years is a risk factor for fractures
(29,30), and in our analyses the propor-
tion of patients with bone fracture AEs
was numerically greater in those with .10
years since receiving a diagnosis of type
2 diabetes in both the empagliflozin and
placebo groups. Patients with diabetes
receiving insulin are at increased risk of
fractures, which may relate to the fact
that these patients are more likely to have
long-term disease and complications (2,4).
In our analyses, the proportion of patients
with bone fracture AEs was greater in
patients receiving than not receiving in-
sulin at baseline, but fracture rates were
similar between the empagliflozin and pla-
cebo groups. There is some evidence that
diabetic retinopathy (30,31), nephropathy
(32), and neuropathy (33) are risk factors for
fractures, and in our analyses the propor-
tion of patients with bone fracture AEs was
numerically greater in those with retinop-
athy in both the empagliflozin and placebo

groups. Complications associated with di-
abetes, such as retinopathy, neuropathy,
and hypoglycemia, may increase the risk
of falls. In our analyses, the rate of falls was
similar between the empagliflozin and pla-
cebo groups, suggesting that the risk of
fractures related to falls was not increased
in patients treated with empagliflozin. The
proportion of patients with bone fracture
AEs was numerically greater in those with
retinopathy or neuropathy in both the
empagliflozin and placebo groups.

Although patients with type 2 diabetes
have an increased risk of bone fractures
compared with individuals without di-
abetes (1–3), patients with type 2 di-
abetes have higher bone mineral density
than patients without type 2 diabetes,
independent of skeletal site, sex, age,
BMI, and medication use; the reasons for
this association remain to be established
(34,35). In the EMPA-REG H2H-SU study,
the mean femoral neck and lumbar spine
T-scores remained in the normal range
in the empagliflozin 25 mg group up
to week 104, and no clinically relevant
differences were observed between the
empagliflozin and glimepiride groups.
Although the number of patients who
underwent DXA scans was limited, there
were no clinically relevant changes in
bone mineral content at weeks 52, 104,
156, or 208 with empagliflozin or glime-
piride treatment.

It has been suggested that SGLT2
inhibitors may be associated with an in-
creased risk of bone fractures due to the
modulation of renal calcium and phosphate
reabsorption as a result of changes in renal
sodium and glucose reabsorption (7,36,37).
There were no changes in calcium or phos-
phate levels with empagliflozin, placebo, or
glimepiride in our analyses and no nota-
ble differences in changes in other bone
markers with empagliflozin treatment com-
pared with placebo or glimepiride treat-
ment. It has also been suggested that
changes in hydration status as a result
of osmotic diuresis may increase the
risk of bone fractures in patients treated
with SGLT2 inhibitors (38). In a pooled
analysis of data from 16 phase I–III trials
of empagliflozin plus six extension stud-
ies and an interim analysis from the
EMPA-REGOUTCOMEtrial, the incidence
of events consistent with volume deple-
tion was similar between the empagliflozin
and placebo groups, except for a higher
incidence with empagliflozin 25 mg treat-
ment in patients aged $75 years (39). In

104-week data from the EMPA-REG H2H-SU
study (14), events consistent with volume
depletion were reported in 1% of patients in
both the empagliflozin 25 mg and glimepi-
ride 1–4 mg groups.

SGLT2 inhibitors differ with regard
to their pharmacologic features, such as
selectivity over SGLT1 (40). In phase III
trials, an increased risk of bone fractures
was observed with the SGLT2 inhibitor
canagliflozin compared with placebo, pri-
marily in the upper and lower extrem-
ities (41,42), and significant reductions
in hip bone mineral density were noted
with canagliflozin treatment compared
with placebo over 104 weeks (41). In the
Canagliflozin Cardiovascular Assessment
Study (CANVAS) Program in patients with
high cardiovascular risk, the rate of all
fractures was higher with canagliflozin
treatment than with placebo (hazard ratio
1.26 [95% CI 1.04, 1.52]) (43). In phase II/III
studies, the SGLT2 inhibitor dapagliflozin
had no apparent effect on bone fractures
in patients with type 2 diabetes and nor-
mal renal function or mild renal impairment
(44), but bone fracture AEs were more
common in patients with moderate renal
impairment (eGFR .30 to ,60 mL/min/
1.73 m2) treated with dapagliflozin com-
pared with placebo (6.0% and 9.4% for
dapagliflozin 5 mg and 10 mg, respec-
tively, vs. 0% for placebo) (45). A recent
meta-analysis of 20 SGLT2 inhibitor trials
with a duration of $24 weeks found no
increased risk of bone fractures with em-
pagliflozin, dapagliflozin, or canagliflozin
compared with placebo (46).

The strengths of our analyses are the
large number of patients included in
the pooled analysis of placebo-controlled
clinical trial data, including 7,020 patients
with high cardiovascular risk from the
EMPA-REG OUTCOME trial (13), and the
4-year treatment duration of the EMPA-
REG H2H-SU trial. A limitation of our
analyses is that fractures were not ad-
judicated in the studies. The analyses are
based on the events reported by inves-
tigators, but investigators were not pro-
vided with dedicated case report forms on
which to report fractures or guidance on
how to detect fractures. Limitations of the
pooled analysis include the differences in
the designs of the studies included in the
pooled analysis and the lack of data on AEs
that occurred .7 days after the study drug
was discontinued. Analyses of data from
the EMPA-REG H2H-SU trial are limited
by the relatively small number of patients

1814 Empagliflozin and Fractures in Type 2 Diabetes Diabetes Care Volume 41, August 2018



who participated in the body composi-
tion substudy and had DXA scans. An even
smaller number of patients provided
measurements at week 208, which may
affect the precision of the estimated
treatment differences and the risk of
bias. It should also be noted that bone
fragility may develop over a longer period
than the treatment periods of the trials in
these analyses.

In conclusion, in a pooled analysis of
.12,000 patients with type 2 diabetes
in placebo-controlled empagliflozin trials,
there was no increase in bone fracture
AEs between empagliflozin and placebo.
In addition, empagliflozin 25 mg did not
increase the risk of bone fracture AEs
compared with glimepiride 1–4 mg in a
4-year head-to-head study.
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