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ABSTRACT
Aims/Introduction: This study aimed to determine whether sodium–glucose
cotransporter 2 inhibitors (SGLT2i) were related to increased fracture risk in adults with
type 2 diabetes compared with dipeptidyl peptidase-4 inhibitors (DPP-4i).
Materials and Methods: Between 1 May 2016 and 31 December 2018, we carried
out a new-user cohort study using the Korean National Health Insurance Service database.
Propensity score matching was carried out on 478,826 new users of an SGLT2i or DPP-4i.
After propensity score matching on >80 covariates, 84,460 individuals were initiated on
SGLT2i or DPP-4i, with 42,230 individuals in each treatment group. The time to first
fracture event was compared between the SGLT2i and DPP-4i groups using Cox
proportional hazards models, and the results are reported as hazard ratios with 95%
confidence intervals for fracture occurrence. Subgroup analyses investigated fractures
between treatment groups according to baseline characteristics.
Results: Individuals who were started on SGLT2i were not linked with increased fracture
risk in both as-treated and intention-to-treat analyses (as-treated: hazard ratio 0.98, 95%
confidence interval 0.92–1.04; intention-to-treat: hazard ratio 0.94, 95% confidence interval
0.89–1.00). We identified no significant interaction between the individuals’ age, sex,
fracture history or thiazolidinedione use in any subgroup analyses, showing that none of
these variables appeared to be impact modifiers in the connection between SGLT2i and
fractures.
Conclusions: Our study found no increase in the risk of fracture among individuals
treated with SGLT2i in a real-world clinical setting for type 2 diabetes.

INTRODUCTION
Osteoporosis and type 2 diabetes are some of the most preva-
lent diseases, particularly among the elderly1,2. Several older
individuals have both conditions and take medications for these
diseases concurrently. Fragility fractures are more common in
people with type 2 diabetes3. Older adults with type 2 diabetes
should be aware of their fracture risk. Antidiabetic medications
might influence bone metabolism, although the increased frac-
ture risk is probably a result of a combination of factors4.
Therefore, new antidiabetic agents with no adverse effects on

bones are sought. There have been concerns that sodium–glu-
cose cotransporter 2 inhibitors (SGLT2i), a recently developed
type of antidiabetic medication, might cause bone loss due to
changes in calcium and phosphate homeostasis as a result of
secondary hyperparathyroidism caused by the induction of
increased phosphate reabsorption5.
Previous studies examined the association between SGLT2i

monotherapy and fracture risk in people with type 2 diabetes,
but yielded conflicting conclusions6–8. The Data and Safety
Monitoring Committee carried out a routine interim review of
the CANagliflozin cardioVascular Assessment Study (CAN-
VAS) in 2013 and discovered a greater fracture incidence in
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the canagliflozin group than in the placebo group6. However, the
risks of canagliflozin on fracture were inconsistent between the
CANVAS and CANVAS-Renal (CANVAS-R) trials9. The differ-
ence between the proportion of Asian patients enrolled in CAN-
VAS and CANVAS-R (18% vs 8%, respectively) has been
suggested as one of the hypotheses for the discordant risks10.
Asians typically have pancreatic b-cell dysfunction and less

obesity11, but more visceral obesity than white people12. These
pathophysiological differences might impact the bone metabo-
lism effects of SGLT2i in Asians. In Korea, vitamin D insuffi-
ciency was more prevalent than in the USA and Canada13.
Lumbar spine bone density was also found to be lower than
those for the femoral neck or hip of Koreans14. Therefore, it is
necessary to evaluate the impact of SGLT2i on fracture risk in
a Korean population with type 2 diabetes.
Dipeptidyl peptidase-4 inhibitors (DPP-4i) are frequently

used in the same way as SGLT2i for patients with type 2 dia-
betes15. DPP-4i are relatively new and widely used glucose-
lowering drugs. The proportion of patients using DPP-4i as
second-line drugs was 56% in 2016, and it is most commonly
used in Korea16. DPP-4i have been shown to be safe, with a
neutral risk of cardiovascular complications and no risk of bone
fracture17. Additionally, a recent study reported that DPP-4i
have no discernible effect on the risk of fractures in a Korean
population18. As a result, DPP-4i are suitable active compara-
tors for assessing SGLT2i safety on fracture risk in people with
type 2 diabetes in a clinical context.
The present study aimed to determine whether SGLT2i was

related to increased fracture risk in people with type 2 diabetes
compared with DPP-4i, using real-world data from a national
claim database in Korea.

MATERIALS AND METHODS
Data source
We carried out new-user cohort research using the Korean
National Health Insurance Service database, which serves as a
centralized repository for longitudinal data on 97% of the Korean
population19. The Korean National Health Insurance Service
database contains information on sociodemographic characteris-
tics; claims, such as diagnoses (International Classification of
Diseases, tenth revision code); prescriptions for drugs (Anatomi-
cal Therapeutic Chemical code), clinical procedures and national
health screening; and mortality (linked to the National Death
Registry using unique resident registration numbers). Annual
health insurance premiums, which are determined by income
and assets, were used to indirectly measure socioeconomic status.
The institutional review board of Ajou University Hospital

approved this study (AJIRB-MED-EXP-21-392), which waived
the requirement for informed consent due to the de-
identification of all patient data.

Study population
Between 1 May 2016 and 31 December 2018, the study included
participants with type 2 diabetes who were recently started on

SGLT2i or DPP-4i (as defined by the Anatomical Therapeutic
Chemical codes indicated in Table S1). No past use of SGLT2i or
DPP-4i within the 12-month period preceding the first prescrip-
tion was considered new use (as initial or add-on therapy). The
index date was defined as the date on which SGLT2i or DPP-4i
was prescribed. Individuals were excluded if they: (i) had been
diagnosed with end-stage renal disease or kidney transplantation
(both of which are contraindications for SGLT2i treatment); (ii)
had been diagnosed with type 1 diabetes; (iii) had been diag-
nosed with gestational diabetes within the past year before the
index date; (iv) were under the age of 18 years on the index date;
(v) had been diagnosed with a malignancy within the past
5 years before the index date; or (vi) had been diagnosed with
HIV within the past year (Figure S1).

Follow up and outcome
The outcome was defined as the development of any fracture
after the initiation of treatment. Fractures were found during
any hospital visit, whether inpatient or outpatient, with a frac-
ture diagnosis (defined using diagnosis codes as detailed in
Table S1). Two time-at-risk periods were evaluated: (i) risk dur-
ing the period of drug exposure as determined by an as-treated
(AT) analysis; and (ii) risk after initiating the treatment as
determined by an intention-to-treat (ITT) study. The AT
method defined the follow-up period as the time between the
index date and the date of the first fracture, withdrawal of the
original treatment, switch to or addition of the comparator
drug, date of death from any cause, or end of the research per-
iod (31 December 2018). In the ITT analysis, the follow-up
period was defined as the time from the index date to the date
of the first fracture, date of death from any cause or end of the
study period (31 December 2018).

Statistical analysis
We used descriptive statistics to assess the baseline characteris-
tics of people with type 2 diabetes who were started on SGLT2i
or DPP-4i. Frequencies and percentages are used to represent
categorical variables, whereas mean and standard deviation are
used to represent continuous variables. To eliminate confound-
ing variables, those initiating SGLT2i were matched 1:1 with
those initiating DPP-4i based on their estimated propensity
score. The probability of initiating treatment with SGLT2i ver-
sus DPP-4i was determined using a multivariable logistic
regression model that included virtually all baseline factors
associated with treatment assignment or outcome. A total of
12 months before cohort enrollment, baseline variables were
examined (defined using diagnosis codes as detailed in
Table S1). Matching was carried out using a nearest-neighbor
caliper width of 0.25 multiplied by the standard deviation of
the propensity score distribution. Standardized differences were
used to balance covariates; a standard deviation of ≤10%
showed appropriate group balance.
After propensity score matching, the time interval between

drug initiation and fracture occurrence was visualized using
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Kaplan–Meier curves, and the incidence curves were compared
using the log-rank test. Fracture rates were determined in the
therapy group. In each category, the crude incidence rate was
computed by dividing the number of incident occurrences by
the total number of person-years at risk. The time to the first
incident was compared between the SGLT2i and DPP-4i
groups using Cox proportional hazards models and is reported
as hazard ratios (HRs) for fracture occurrence with 95% confi-
dence intervals (CIs). Subgroup studies compared the fracture
rate between treatment groups according to their baseline char-
acteristics.
The SAS Enterprise Guide 7.1 (SAS Institute, Inc., Cary, NC,

USA) and R version 3.4.1 (The R Foundation for Statistical
Computing, Vienna, Austria) software programs were used to
analyze the data.

RESULTS
During the study period, we identified 478,826 patients who
were initiated on SGLT2i or DPP-4i, of which 42,588 and
436,238 received SGLT2i and DPP-4i, respectively (Figure S1).
The distribution of specific SGLT2i or DPP-4i compounds
within each group is shown in Table S2. SGLT2i compounds
included dapagliflozin (54.3%), empagliflozin (39.2%) and ipra-
gliflozin (6.5%; Table S2).
Before propensity score matching, the two groups had differ-

ent baseline characteristics. Individuals initiated on SGLT2i
were younger, and had higher proportions of hyperlipidemia
and heart disease, but lower proportions of stroke, peripheral
vascular disease, chronic kidney disease, osteoporosis and frac-
ture (Table 1). After propensity score matching on >80 covari-
ates, 84,460 individuals were initiated on SGLT2i or DPP-4i,
with 42,230 individuals in each treatment group (Figure S1).
Furthermore, baseline characteristics were well balanced
between groups, with a standardized difference of 4% for all
variables (Table 1).
In both the AT and ITT analyses, people started on SGLT2i

did not have an increased fracture risk compared with those
started on DPP-4i (AT: HR 0.98, 95% CI 0.92–1.04; ITT: HR
0.94, 95% CI 0.89–1.00) (Figures 1 and 2). Similar results were
observed for the fracture sites (Figure S2).
Major risk factor variables were included in the Korean

National Health Insurance Service claims database, but vital sta-
tus information was missing. Therefore, we carried out a sensi-
tivity analysis using a cohort consisting solely of individuals
who had a national health screening within the 12-month per-
iod preceding cohort entry. Table S3 summarizes the baseline
characteristics of participants who underwent national health
screening. Although there were slight differences in the magni-
tude and significance of association, including vital status vari-
ables, it had no significant effect on the identified connections
(AT: HR 0.95, 95% CI 0.86–1.06; ITT: HR 0.94, 95% CI 0.86–
1.03, Figure S3).
We identified no significant interactions between the people’s

age, sex, fracture history or use of thiazolidinedione in any of

the subgroup analyses, implying that none of these variables
were effect modifiers of the link between SGLT2i and fractures
(Figure 3).

DISCUSSION
We have shown that initiating SGLT2i did not enhance fracture
risk when compared with initiating DPP-4i in this cohort trial
of >85,000 persons with type 2 diabetes based on nationwide
real-world data from Korea. Furthermore, the results were con-
sistent, regardless of the risk factors for fracture, such as old
age or previous fractures.
SGLT2i are a new class of glucose-lowering medications that

enhance renal glucose excretion20. SGLT2i have been proven to
have protective effects against cardiovascular disease in cardio-
vascular outcome clinical trials and in real-world settings21–23.
Conversely, SGLT2i increased parathyroid hormone levels and
decreased 1,25-dihydroxy vitamin D levels, thereby impairing
bone metabolism. SGLT2i might indirectly promote bone turn-
over by encouraging weight reduction and improve bone meta-
bolism impairment associated with diabetes by lowering blood
glucose levels5,24. Canagliflozin might have a deleterious effect
on bone microarchitecture in animal studies, which could be
explained by the diabetes-related decrease in bone structural
strength and toughness25,26. Additionally, canagliflozin resulted
in a decrease in total hip bone mineral density in a randomized
controlled trial27. Conversely, ertugliflozin and dapagliflozin
showed no negative effect on bone mineral density loss28,29.
The CANVAS study, a large cardiovascular outcome trial of

SGLT2i, found that canagliflozin was associated with a greater
fracture rate than the placebo (HR 1.51, 95% CI 1.04–2.19)6.
The CANVAS Program, which combined data from the CAN-
VAS and CANVAS-R trials (a second canagliflozin trial carried
out concurrently with CANVAS), showed an elevated fracture
risk (HR 1.26, 95% CI 1.04–1.52); however, the risk was mod-
estly decreased. The fracture risk was raised in the canagliflozin
group in the CANVAS trial (HR 1.55, 95% CI 1.21–1.97), but
not in the CANVAS-R trial (HR 0.86, 95% CI 0.62–1.19)30.
However, the discordant risk between CANVAS and
CANVAS-R was not clearly explained31. Furthermore, the
Canagliflozin and Renal Events in Diabetes with Established
Nephropathy Clinical Evaluation (CREDENCE) trial recently
showed no significant difference in fracture risk between the
canagliflozin and placebo groups32.
Other SGLT2i cardiovascular outcome trials, including the

EMPA-REG OUTCOME, SGLT2i empagliflozin and Dapagli-
flozin Effect on Cardiovascular Events (DECLARE)–TIMI 58
trials, found no evidence of increased fracture risk7,8. Recent
meta-analyses of randomized controlled trials have shown that
SGLT2i are not related to increased fracture risk33–35.
SGLT2i did not increase the risk of fractures in a recent real-

world clinical practice setting. In a longitudinal cohort study
carried out in the USA using a commercial insurance claims
database, newly prescribed canagliflozin was not associated with
increased fracture risk in middle-aged people with type 2
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Figure 1 | Cumulative risk curve of incident fracture treated with sodium–glucose cotransporter 2 inhibitor (SGLT2i) and dipeptidyl peptidase-4
inhibitor (DPP-4i) in (a) as-treated (AT) and (b) in intention-to-treat (ITT) analysis.

Total follow-up
(years) No. of events P-valueHR (95% CI)

Event rate
(100 PY)

AT

ITT

0.8 1.0 1.2
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Figure 2 | Hazard ratio (HR) for fracture in people who were started on sodium–glucose cotransporter 2 inhibitor (SGLT2i) compared with that of
individuals who were started on dipeptidyl peptidase-4 inhibitor (DPP-4i). AT, as-treated; CI, confidence interval; ITT, intention-to-treat; PY, person-years.
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diabetes when compared with those who were newly prescribed
glucagon-like peptide-1 receptor agonist10. Compared with that
of glucagon-like peptide-1 receptor agonist, the use of SGLT2i
had a neutral correlation with fractures in nationwide health
and administrative registries in Sweden and Denmark36. Addi-
tionally, when compared with those taking DPP-4i, those pre-
scribed SGLT2i were not at increased risk of fracture, and
when stratified by SGLT2 compound (canagliflozin, dapagliflo-
zin or empagliflozin), no type of SGLT2i was associated with
increased fracture risk. Indeed, canagliflozin users had a

decreased fracture risk (HR 0.47, 95% CI 0.25–0.88)37. In the
present nationwide cohort research, we observed no statistically
significant link between SGLT2i and fracture risk. Canagliflozin
is not accessible in Korea, which might have contributed to the
SGLT2i group’s increased incidence of neutral fracture.
A higher proportion of Asian patients in CANVAS than in

CANVAS-R has been suggested as one of the hypotheses for
the discordant risks10. However, in the ITT analysis, individuals
treated with SGLT2i had a considerably lower fracture risk than
those treated with DPP-4i; this difference was especially obvious
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Figure 3 | Subgroup analysis of hazard ratio (HR) for fracture in people who were started on sodium–glucose cotransporter 2 inhibitor (SGLT2i)
compared with that of individuals who were started on dipeptidyl peptidase-4 inhibitor (DPP-4i) in (a) as-treated (AT) and (b) intention-to-treat (ITT)
analysis. PY, person-years; T2D, type 2 diabetes.
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in Korean men. Cheng et al.38 observed that SGLT2i did not
increase fracture risk in people with type 2 diabetes and actu-
ally decreased fracture risk when compared with placebo after a
maximum of 52 weeks of treatment. We recently showed that
the trabecular bone score increases as visceral fat mass
decreases in Koreans with type 2 diabetes39. SGLT2i are the
only oral glucose-lowering medications with evidence of weight
loss and visceral adiposity reduction40. Men, on average, have
more visceral fat than women, and hence might benefit more
from SGLT2i-induced visceral fat loss. Osteoporosis and frac-
tures are related to heart failure41. SGLT2i have been shown to
improve cardiac function and reduce the incidence of heart fail-
ure42, suggesting that they might potentially be effective for
bone fracture prevention. The hypothesis of higher fracture risk
in Asian SGLTi users is also questionable. However, the study’s
apparent positive effect of SGLT2i on fracture risk should be
evaluated cautiously. In a randomized clinical trial, ITT analysis
evaluates the effect of differences in assigned intervention
between groups and has become the ‘gold standard’ for analyz-
ing the results. However, the AT analysis provides a better esti-
mate effect than ITT analysis when participants had a poor
adherence43. In particular, because changes in drug treatment
are greater in real-world clinical settings than in randomized
clinical trials, AT analysis might more accurately represent the
effects. However, the estimates of cumulative fracture incidence
might be biased by changes in drug treatment, such as discon-
tinuation, switch or concomitant use.
The present study had some limitations. First, as an observa-

tional cohort, individuals were not randomly assigned to the
assessed medications. Despite the use of propensity score
matching, residual confounding bias could have occurred due
to unmeasured factors, such as diabetes duration, laboratory
findings, such as vitamin D levels, and bone turnover marker.
Second, long-term effects could not be examined due to the
recent introduction of SGLT2i into clinical practice. Any drug’s
effect on fracture risk is difficult to determine, because a helpful
or detrimental effect might become apparent only after pro-
longed exposure. Third, it is unclear whether the fracture risk
of SGLT2i is a drug class effect or specific to individual com-
pounds; canagliflozin increased fracture risk, but not dapagliflo-
zin and empagliflozin in randomized control trials7,8,29. Thus, it
is necessary to evaluate the safety of all SGLT2i in the real-
world clinical setting. However, we could not include canagliflo-
zin as SGLT2i compounds, as it was unavailable in Korea.
In conclusion, the present study found no evidence of

increased fracture risk associated with real-world clinical use of
SGLT2i in people with type 2 diabetes. This study provided
important clinical information by emphasizing the importance
of understanding fracture safety when using SGLT2i within the
limitations of a short treatment duration and follow up. Given
that bone health issues and the related fracture risk impose a
marked economic and social burden, additional research is
required to determine the long-term safety of SGLT2i in frac-
tures.
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