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Abstract

Aim: To investigate whether sodium-glucose cotransporter-2 (SGLT2) inhibitor use

as compared to dipeptidyl peptidase-4 (DPP-4) inhibitor use as add-on to metformin

is associated with the risk of any fracture or major osteoporotic fractures (MOFs).

Methods: A cohort study using the Clinical Practice Research Datalink (CPRD) Aurum

database was conducted. All patients aged 18 years and older with a first-ever prescrip-

tion for a DPP-4 inhibitor or an SGLT2 inhibitor as add-on to metformin between January

1, 2013 and June 30, 2020 were selected. Patients starting with SGLT2 inhibitors were

matched (up to 1:3) on propensity scores to patients starting with DPP-4 inhibitors. Pro-

pensity scores were calculated based on sex, age, body mass index, comorbidities, come-

dication and lifestyle factors. Cox proportional hazard models were used to estimate the

risk of fracture with SGLT2 inhibitor use as compared to DPP-4 inhibitor use.
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Results: A total of 13 807 SGLT2 inhibitor users (age 55.4 ± 10.6 years, 36.7% female)

were included in this study, matched with 28 524 DPP-4

inhibitor users (age 55.4 ± 8.0 years, 36.4% female). The risk of any fracture with current

SGLT2 inhibitor use was similar compared with current DPP-4 inhibitor use (adjusted

hazard ratio [aHR] 1.09, 95% confidence interval [CI] 0.91-1.31), as was the risk of MOFs

(aHR 0.89, 95% CI 0.64-1.22) and the risk of fractures at any of the individual MOF sites.

Additionally, no association was found with duration of SGLT2 inhibitor use (longest

duration >811 days) for any of the individual SGLT2 inhibitor agents, or after stratifica-

tion by sex and age.

Conclusion: Use of SGLT2 inhibitors was not associated with the risk of any fracture,

MOFs or fracture at the individual MOF sites when compared to DPP-4 inhibitor use.

K E YWORD S

cohort study, diabetes complications, DPP-4 inhibitor, pharmacoepidemiology, SGLT2 inhibitor,
type 2 diabetes

1 | INTRODUCTION

Globally, the number of people with diabetes mellitus has quadrupled in

the last 30 years.1 Consequently, type 2 diabetes mellitus (T2D) is a major

burden for public health and in terms of healthcare costs. Knowledge

regarding current treatment options needs to be expanded.

Metformin is the first-line treatment for T2D and can be

paired with an adjunct medication if metformin as a monotherapy

does not adequately control blood sugar levels.2,3 Currently, both

dipeptidyl peptidase-4 (DPP-4) inhibitors and sodium-glucose

cotransporter-2 (SGLT2) inhibitors can be prescribed as an adjunct

medication, according to the guidelines of the National Institute

for Health and Clinical Excellence.3

The SGLT2 inhibitors are a relatively new drug class and have

been approved by the European Medicines Agency (EMA) since

2012.4 Therefore, more long-term putative side effects have only

recently been brought forward, such as an increased risk of fractures.5

DPP-4 inhibitors have been approved by the EMA for much longer,

since 2007,4 and could thus be considered a well-known comparator.

Some studies have been performed on the association between

SGLT2 inhibitor use and fracture risk, and in the CANVAS study6 it

was reported that fracture risk was increased with canagliflozin treat-

ment. Additionally, a propensity-score-matched cohort study (follow-

up 31 weeks) and a randomized controlled trial (follow-up 52 weeks)

also found an increased fracture risk when comparing SGLT2 inhibitor

use to either DPP-4 inhibitor use, sulphonylurea (SU) use or pla-

cebo.6,7 Conversely, an observational study, a propensity-

score-matched cohort study and a meta-analysis plus post hoc analy-

sis of randomized controlled trials did not find an increased fracture

risk with SGLT2 inhibitor use.8–11 In these studies, follow-up was lim-

ited to between 12 and 38 weeks.8–11

It is important to note, however, that, even though bone turnover

is a continuous process, changes in bone turnover or osteoblast and

osteoclast activity do not immediately translate into changes in

fracture risk. Therefore, it is important to look at both a short-term

association, whereby SGLT2 inhibitors could increase fall risk and sub-

sequently fracture risk through hypovolaemia and orthostasis,12 and

also a long-term association, whereby SGLT2 inhibitors could affect

bone turnover through increased calcium excretion13 or other mecha-

nisms. To summarize, current evidence is limited by short durations of

follow-up. Therefore, our aim was to study a potential association

between longer-term use of SGLT2 inhibitors as compared to DPP-4

inhibitors as add-on to metformin and the risk of fracture, separately

looking at major osteoporotic fractures (MOFs).

2 | METHODS

2.1 | Data source

A cohort study using the Clinical Practice Research Datalink (CPRD;

www.cprd.com) was conducted. The CPRD contains medical records

of primary care practices in the United Kingdom. The data recorded in

the CPRD include patient demographics, medical history, laboratory

test results, prescription details, specialist referrals, hospital admis-

sions and major outcomes since 1987, with on-going data collection.

The study period for the present study was 2013 to 2020.

This study was performed separately in both the CPRD GOLD and

CPRD Aurum databases. CPRD GOLD is considered a well-established

database with contributing practices from across the United Kingdom.

However, only general practices using Vision software contribute to

CPRD GOLD,14 and this number is declining, making the database less

representative of the whole population. The general practices using

EMIS Web software contribute to the relatively new CPRD Aurum

database,15 and in contrast to the GOLD database, this number is

increasing. CPRD Aurum currently represents approximately 19.9% of

the total population in the United Kingdom, including 1489 general

practices.16 CPRD GOLD includes approximately 4.6% of the total UK
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population as active (alive, currently registered) patients, from 401 con-

tributing practices.17

The independent scientific advisory committee of the CPRD

approved the study protocol (number 22_002254). No further ethical

approval was needed.

2.2 | Study population

All patients aged 18 years and older with a first-ever prescription

for a DPP-4 inhibitor or an SGLT2 inhibitor between January

1, 2013, and June 30, 2020, were identified. This study period was

chosen as SGLT2 inhibitors have been available since January

1, 2013, in the United Kingdom. The date of the first DPP-4 inhibi-

tor prescription or SGLT2 inhibitor prescription defined the

index date.

All patients were required to start with either a DPP-4 inhibi-

tor or an SGLT2 inhibitor as a first intensification and as add-on to

metformin and were thus required to have a prescription for met-

formin but no other glucose-lowering drug before the index date.

The duration of the most recent metformin prescription was

required to cover the index date, to ensure the DPP-4 inhibitor or

SGLT2 inhibitor prescriptions were prescribed as add-on to met-

formin. The duration of the prescription was determined based on

the prescribed quantity and the dosage instruction. If the duration

could not be calculated due to missing data, the median of all

calculated durations was assigned.

Furthermore, patients were excluded if they used glucose-

lowering drugs other than metformin before the index date.

Patients with a history of polycystic ovary syndrome before

the index date were excluded. Furthermore, all patients who

had a prescription for glucocorticoids in the 6 months prior to

the index date and all patients who had had a prescription for

anti-osteoporotic drugs (defined as the use of bisphosphonates,

strontium ranelate, bazedoxifene, raloxifene, vitamin D3 [cholecal-

ciferol], calcium or parathyroid hormone [PTH]/calcitonin) in

the 12 months prior to the index date were excluded from

the analysis.

2.3 | Exposure

Patients were followed from the index date until the end of data col-

lection, discontinuation of drug of interest (DPP-4 inhibitor or SGLT2

inhibitor), start of comparator drug, start of other glucose-lowering

drugs, or the event of interest, whichever came first. Patients needed

to continue both metformin and the drug of interest (DPP-4 inhibitor

or SGLT2 inhibitor). If patients discontinued treatment with either of

these, the follow-up was censored. Furthermore, patients were cen-

sored in case of death or upon being transferred to another practice.

Discontinuation was determined based on the dosage instruction

and prescribed quantity, from which the expected end date was

calculated. If there was no new prescription in the 60 days after the

expected end date, this was considered to be discontinuation.

2.4 | Outcomes

The primary outcome of interest was any fracture. Secondary outcomes

included MOFs, defined according to the definition by the International

Osteoporosis Foundation (IOF) as the first of a hip, radius/ulna, humerus

or clinical symptomatic vertebral fracture,18 or the occurrence of a frac-

ture at any of the individual MOF sites. Fractures were classified accord-

ing to Snomed concept ID's (Aurum) or to Read codes (GOLD).

2.5 | Characteristics

The presence of possible confounding variables was assessed by

reviewing the computerized medical records. Sex, age, most recent

body mass index (BMI), diabetes duration (defined as time since first

metformin prescription), prior fractures, smoking status (never, past,

current or missing) and alcohol use (yes, no or missing) status were

established at baseline. Furthermore, the most recent glycated hae-

moglobin (HbA1c) value and estimated glomerular filtration rate

(eGFR) were established in the year prior to the index date.

Furthermore, a history of the following comorbidities prior to the

index date was considered to be a potential confounder: Alzheimer's

disease/dementia, arrhythmia, osteoporosis, osteoarthritis, paralysis,

chronic obstructive pulmonary disease (COPD), stroke, brain injury,

heart failure, acute myocardial infarction, cancer (excluding non-

melanoma skin cancers), hyper-/hypoparathyroidism, retinopathy,

neuropathy, nephropathy, micro- or macroalbuminuria (1 year prior to

index date), diabetic foot ulcer and previous fractures. Lastly, the use

of any of the following drugs in the 6 months prior to the index date

were additionally considered as potential confounders: anti-

convulsants, diuretics, anxiolytics or sedatives, neuroleptics/anti-psy-

chotics, antidepressants, statins, and non-statin cholesterol-lowering

drugs, antihypertensives, skeletal muscle relaxants, proton pump

inhibitors, H2 receptor antagonists, Parkinson's disease medication

and antiarrhythmics.

2.6 | Statistical analysis plan

Propensity-score matching was used to control for confounding. The

propensity score is defined as the predicted probability of a patient

starting an SGLT2 inhibitor versus a DPP-4 inhibitor (both as add-on

to metformin only) given the aforementioned baseline characteristics.

Multivariable logistic regression was used to estimate the propensity

score including all aforementioned potential confounders.

Patients starting SGLT2 inhibitors were matched (up to 1:3) to

patients starting DPP-4 inhibitors using a nearest-neighbour matching

algorithm without replacement, with a matching calliper of 0.2� the
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SD of the logit of the propensity score. Standardized mean differences

were calculated to check the balance after matching. The missing indi-

cator method was used to account for missing data.

Incidence rates (IRs) were calculated, and Cox proportional hazard

models were used to estimate the risk of any fracture with SGLT2

inhibitor use as compared to DPP-4 inhibitor use. As secondary

analyses, the risk of MOF and of fracture of the hip, radius/ulna,

humerus, or a clinical symptomatic vertebral fracture was estimated.

Furthermore, the analyses were stratified by sex and age categories.

Moreover, the agent effect of the different agents of SGLT2 inhibi-

tors, namely, canagliflozin, dapagliflozin, empagliflozin and ertugliflo-

zin, was studied. Lastly, duration of use was studied by dividing

TABLE 2 Risk of fractures in SGLT2 inhibitor versus DPP-4 inhibitor users, stratified by fracture type

Number of patients Number of fractures IR/1000 PY aHR (95% CI)

(A) Aurum

Any fracture

DPP-4 inhibitor use 28 524 201 9.1 (7.9–10.4) Reference

SGLT2 inhibitor use 13 807 175 9.9 (8.6–11.5) 1.09 (0.91–1.31)

MOF fracture

DPP-4 inhibitor use 28 524 73 3.2 (2.6–4.1) Reference

SGLT2 inhibitor use 13 807 51 2.9 (2.1–3.8) 0.89 (0.64–1.22)

Hip fracture

DPP-4 inhibitor use 28 524 10 0.4 (0.2–0.8) Reference

SGLT2 inhibitor use 13 807 1 0.1 (0.0–0.4) 0.16 (0.02–1.19)

Vertebral fracture

DPP-4 inhibitor use 28 524 12 0.5 (0.3–1.0) Reference

SGLT2 inhibitor use 13 807 6 0.3 (0.2–0.7) 0.59 (0.24–1.47)

Humerus fracture

DPP-4 inhibitor use 28 524 27 1.2 (0.8–1.7) Reference

SGLT2 inhibitor use 13 807 21 1.2 (0.8–1.8) 1.00 (0.59–1.68)

Radius/ulna fracture

DPP-4 inhibitor use 28 524 26 1.2 (0.8–1.7) Reference

SGLT2 inhibitor use 13 807 25 1.4 (0.9–2.1) 1.15 (0.72–1.85)

(B) GOLD

Any fracture

DPP-4 inhibitor use 9543 64 8.8 (6.9–11.2) Reference

SGLT2 inhibitor use 5517 55 8.9 (6.8–11.5) 1.01 (0.72–1.40)

MOF fracture

DPP-4 inhibitor use 9543 24 3.2 (2.2–4.8) Reference

SGLT2 inhibitor use 5517 17 2.7 (1.7–4.4) 0.84 (0.48–1.48)

Hip fracture

DPP-4 inhibitor use 9543 6 0.8 (0.4–1.8) Reference

SGLT2 inhibitor use 5517 3 0.5 (0.2–1.5) 0.58 (0.16–2.07)

Vertebral fracture

DPP-4 inhibitor use 9543 3 0.4 (0.1–1.3) Reference

SGLT2 inhibitor use 5517 2 0.3 (0.1–1.3) 0.71 (0.14–3.55)

Humerus fracture

DPP-4 inhibitor use 9543 6 0.8 (0.4–1.8) Reference

SGLT2 inhibitor use 5517 5 0.8 (0.3–1.9) 1.02 (0.37–2.83)

Radius/ulna fracture

DPP-4 inhibitor use 9543 9 1.2 (0.6–2.3) Reference

SGLT2 inhibitor use 5517 7 1.1 (0.5–2.3) 0.95 (0.38–2.38)

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; DPP-4, dipeptidyl peptidase-4; IR, incidence rate; MOF, major osteoporotic fractures PY,

person-years; SGLT2, sodium-glucose cotransporter-2.
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follow-up time into intervals of 90 days. At the start of each interval,

the duration of use was established. The groups were divided into

duration-of-use categories, so that each category had approximately

the same number of fractures.

As a sensitivity analysis, the number of extra days used to deter-

mine treatment discontinuation was shortened from 60 to 30.

Furthermore, a sensitivity analysis was performed in which the

reference group was changed to SU use, as this has been the main

second-line treatment for many years and is still the most used

second-line treatment after DPP-4 inhibitors.19 Patients starting with

SGLT2 inhibitors were matched (up to 1:3) on propensity scores to

patients starting with SUs.

An additional sensitivity analysis was performed in which a less strict

exposure definition was set. In this sensitivity analysis, patients who

started antihyperglycaemic drugs other than SGLT2 inhibitors, DPP-4

inhibitors or metformin after the index date were not censored.

Lastly, the Cox regression analysis in the propensity-score-matched-

population was repeated, with time-dependent correction for BMI and

eGFR, since we expected the course of these covariates during follow-up

to differ between exposure groups. For this analysis, the follow-up was

divided into 90-day intervals and was corrected for the most recently

recorded BMI and eGFR before the start of each interval.

Distributions of the propensity score per exposure group were

compared before and after matching (Supplemental Figure S1).

TABLE 3 Risk of any or major osteoporotic fractures by duration of use in SGLT2 inhibitor versus DPP-4 inhibitor users

Number of
fractures IR/1000 PY aHR (95% CI)

(A) Aurum

Any fracture

DPP-4 inhibitor use (n = 28 524) 201 9.1 (7.9–10.4) Reference

SGLT2 inhibitor use by duration of use

(n = 13 807)

175

0-89 days 37 12.3 (8.9–16.9) 1.37 (0.98–1.93)

90-180 days 38 9.1 (6.7–12.6) 1.01 (0.72–1.42)

181-450 days 38 9.1 (6.6–12.5) 1.03 (0.74–1.45)

451-810 days 35 11.0 (7.9–15.3) 1.26 (0.88–1.79)

≥811 days 27 8.7 (6.0–12.7) 1.00 (0.67–1.50)

MOF fracture

DPP-4 inhibitor use (n = 28 524) 73 3.2 (2.6–4.1) Reference

SGLT2 inhibitor use by duration of use

(n = 13 807)

51

0-89 days 12 4.0 (2.3–7.0) 1.23 (0.69–2.22)

90-449 days 15 2.1 (1.3–3.5) 0.65 (0.38–1.12)

450-719 days 12 3.9 (2.2–6.9) 1.30 (0.72–2.37)

≥720 days 12 2.6 (1.5–4.7) 0.89 (0.48–1.68)

(B) GOLD

Any fracture

DPP-4 inhibitor use (n = 9543) 64 8.8 (6.9–11.2) Reference

SGLT2 inhibitor use by duration of use

(n = 5517)

55

0-180 days 22 10.6 (7.0–16.0) 1.17 (0.71–1.91)

181-730 days 20 7.8 (5.1–12.1) 0.85 (0.50–1.43)

>730 days 13 8.2 (4.8–14.1) 0.84 (0.45–1.57)

MOF fracture

DPP-4 inhibitor use (n = 9543) 24 3.2 (2.2–4.8) Reference

SGLT2 inhibitor use by duration of use

(n = 5517)

17

0-180 days 7 3.4 (1.6–7.0) 1.12 (0.49–2.55)

181-730 days 5 2.8 (1.2–6.6) 0.96 (0.36–2.54)

>730 days 5 2.1 (0.9–5.1) 0.73 (0.25–2.13)

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; DPP-4, dipeptidyl peptidase-4; IR, incidence rate; MOF, major osteoporotic fracture; PY,

person-years; SGLT2, sodium-glucose cotransporter-2.
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Additionally, the proportional hazards assumption was tested. Lastly,

Kaplan-Meier curves were created to visualize the results.

Data were analysed using SAS version 9.4 (SAS Institute, Cary,

North Carolina).

3 | RESULTS

3.1 | Study population

The general characteristics of the study population are summarized in

Table 1. In the Aurum cohort, a total of 13 837 SGLT2 inhibitor users

and 37 292 DPP-4 inhibitor users were identified, of whom 13 807

SGLT2 inhibitor users were included in this study, matched with

28 524 DPP-4 inhibitor users (1 up to 3, weighted matching). The

mean age after matching was 55.4 years in both groups, and 36.7% of

the SGLT2 inhibitor users were female versus 36.4% of the DPP-4

inhibitor users. The mean duration of SGLT2 inhibitor and DPP-4

inhibitor use (time from first prescription until end of follow-up) was

1.4 years and 1.6 years, respectively. In the GOLD cohort, a total of

5641 SGLT2 inhibitor users and 11 762 DPP-4 inhibitor users were

identified, of whom 5517 SGLT2 inhibitor users were included in this

study, matched with 9543 DPP-4 inhibitor users (1 up to 3, weighted

matching). After matching, the mean age was 56.8 years in both

groups, and 38.5% of the SGLT2 inhibitor users were female versus

38.0% of the DPP-4 inhibitor users. The mean duration of use was

2.2 years for SGLT2 inhibitors and 3.2 years for DPP-4 inhibitors.

Supplemental Figure S2 shows the selection from the original

data extraction to the base cohort and the final study cohort for both

Aurum (a) and GOLD (b).

3.2 | SGLT2 inhibitor use and risk of fractures

In the Aurum cohort, we observed 175 fractures (IR 9.9/1000

person-years) with current SGLT2 inhibitor use, and 201 fractures

(IR 9.1/1000 person-years) with current DPP-4 inhibitor use. The risk

of any fracture was similar with current SGLT2 inhibitor use com-

pared to current DPP-4 inhibitor use, with an adjusted hazard ratio

(aHR; using propensity-score matching to control for confounding) of

1.09 (95% confidence interval [CI] 0.91-1.31; Table 2A).

There was no significant difference in the risk of MOFs with

SGLT2 inhibitor use compared to DPP-4 inhibitor use (aHR 0.89 [95%

CI 0.64-1.22]; Table 2) nor in the risk of fractures at any of the individ-

ual MOF sites; aHR of 0.16 (95% CI 0.02-1.19) for hip fractures, 0.59

(95% CI 0.24-1.47) for vertebral fractures, 1.00 (95% CI 0.59-1.68) for

humerus fractures and 1.15 (95% CI 0.72-1.85) for radius/ulna frac-

tures (Table 2A).

TABLE 4 Risk of any fracture in SGLT2 inhibitor versus DPP-4 inhibitor users, stratified by the different SGLT2 inhibitor agents available in
the United Kingdom

Number

of
fractures IR/1000 PY aHR (95% CI)

(A) Aurum

Any fracture

DPP-4 inhibitor use (n = 28 524) 201 9.1 (7.9-10.4) Reference

SGLT2 inhibitor use by substance (n = 13 807) 175

Ertugliflozin 0 N/A N/A

Dapagliflozin 71 10.1 (8.0-12.7) 1.13 (0.87-1.45)

Canagliflozin 25 9.2 (6.2-13.6) 1.04 (0.69-1.57)

Empagliflozin 60 10.5 (8.2-13.6) 1.21 (0.91-1.60)

SGLT2 inhibitor pasta 19 8.9 (5.7-14.0) 1.03 (0.65-1.65)

(B) GOLD

Any fracture

DPP-4 inhibitor use (n = 9543) 64 8.8 (6.9-11.2) Reference

SGLT2 inhibitor use by substance (n = 5517) 55

Ertugliflozin 0 N/A N/A

Dapagliflozin 15 5.3 (3.2-8.8) 0.61 (0.35-1.06)

Canagliflozin 7 8.1 (3.9-16.9) 0.89 (0.41-1.93)

Empagliflozin 30 14.1 (9.9-20.1) 1.54 (0.97-2.46)

SGLT2 inhibitor pasta 3 8.0 (2.6-24.8) 0.87 (0.27-2.83)

aMost recent SGLT2 inhibitor prescription more than 60 days ago.

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; DPP-4, dipeptidyl peptidase-4; IR, incidence rate; N/A, not applicable; PY, person years,

SGLT2, sodium-glucose cotransporter-2.
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In the GOLD cohort, no significantly increased risk was found for

any fracture, MOFs, or fractures at any of the individual MOF sites

(Table 2B).

Supplemental Figure S3 shows the results of the Kaplan-Meier

analysis, visualizing risk of any fracture over several years.

3.3 | Duration-of-use analysis

In the Aurum cohort, after stratification into different duration

periods, the risk of any fracture and MOFs was not different for

SGLT2 inhibitor use compared to DPP-4 inhibitor use (Table 3A). Even

TABLE 5 Risk of any fracture in SGLT2 inhibitor versus DPP-4 inhibitor users, stratified by sex and age group

Number of patients Number of fractures IR/1000 PY aHR (95% CI)

(A) Aurum

Men, any fracture

DPP-4 inhibitor use 8728 110 7.5 (6.3-9.1) Reference

SGLT2 inhibitor use 8728 99 8.7 (7.1-10.6) 1.16 (0.91-1.48)

Women, any fracture

DPP-4 inhibitor use 5053 95 12.6 (10.3-15.4) Reference

SGLT2 inhibitor use 5053 76 12.3 (9.8-15.4) 0.96 (0.73-1.26)

Age 18-49 years, any fracture

DPP-4 inhibitor use 3878 45 8.2 (6.1-10.9) Reference

SGLT2 inhibitor use 3878 40 8.3 6.1-11.3) 1.00 (0.68-1.49)

Age 50-59 years, any fracture

DPP-4 inhibitor use 5092 61 7.5 (5.9-9.6) Reference

SGLT2 inhibitor use 5092 66 10.0 (7.8-12.7) 1.30 (0.94-1.80)

Age 60-69 years, any fracture

DPP-4 inhibitor use 3520 59 9.4 (7.3-12.1) Reference

SGLT2 inhibitor use 3520 40 8.7 (6.4-11.8) 0.93 (0.65-1.34)

Age > 70 years, any fracture

DPP-4 inhibitor use 1258 41 19.0 (14.1-25.8) Reference

SGLT2 inhibitor use 1258 26 17.6 (12.0-25.8) 0.93 (0.60-1.44)

(B) GOLD

Men, any fracture

DPP-4 inhibitor use 3393 31 6.8 (4.8-9.6) Reference

SGLT2 inhibitor use 3393 30 7.8 (5.5-11.1) 1.12 (0.71-1.77)

Women, any fracture

DPP-4 inhibitor use 2090 31 11.8 (8.3-16.8) Reference

SGLT2 inhibitor use 2090 24 10.4 (7.0-15.5) 0.87 (0.53-1.42)

Age 18-49 years, any fracture

DPP-4 inhibitor use 1261 10 6.3 (3.3-11.9) Reference

SGLT2 inhibitor use 1261 14 10.5 (6.2-17.6) 1.49 (0.70-3.16)

Age 50-59 years, any fracture

DPP-4 inhibitor use 1950 18 7.1 (4.5-11.3) Reference

SGLT2 inhibitor use 1950 15 6.8 (4.1-11.3) 0.91 (0.48-1.73)

Age 60-69 years, any fracture

DPP-4 inhibitor use 1562 21 9.1 (5.9-14.0) Reference

SGLT2 inhibitor use 1562 20 10.8 (7.0-16.7) 1.23 (0.70-2.17)

Age > 70 years, any fracture

DPP-4 inhibitor use 622 12 13.9 (8.0-24.2) Reference

SGLT2 inhibitor use 622 4 6.0 (2.3-16.1) 0.49 (0.17-1.45)

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; DPP-4, dipeptidyl peptidase-4; IR, incidence rate; PY, person-years, SGLT2, sodium-

glucose cotransporter-2.
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for the longest duration of use (≥811 days), the aHR was 1.00 (95% CI

0.67-1.50). The findings in the GOLD cohort were similar (Table 3B).

3.4 | Agent effect of SGLT2 inhibitors

The risk of any fracture in the Aurum cohort was not different for use of

any of the SGLT2 inhibitors compared to DPP-4 inhibitor use: aHR 1.13

(95% CI 0.87-1.45) for dapagliflozin use, aHR 1.04 (95% CI 0.69-1.57) for

canagliflozin use and aHR of 1.21 (95% CI 0.91-1.60) for empagliflozin

use (Table 4A). No fractures were observed for ertugliflozin users; there-

fore, the aHR for this group could not be determined.

In the GOLD cohort, the risk of any fracture was not significantly

altered for any of the individual agents of the SGLT2 inhibitor drug

class (Table 4B).

3.5 | Stratification by sex and age

In the Aurum cohort, no substantial effect modification was demon-

strated. After stratification by sex, the aHR for any fracture with

SGLT2 inhibitor use compared to DPP-4 inhibitor use was 1.16 (95%

CI 0.91-1.48) in men and 0.96 (95% CI 0.73-1.26) in women

(Table 5A).

After stratification by age groups, the aHR of any fracture with

SGLT2 inhibitor use compared to DPP-4 inhibitor use was 1.00 (95%

CI 0.68-1.49) for individuals aged 18 to 49 years, 1.30 (95% CI

0.94-1.80) for those aged 50 to 59 years, 0.93 (95% CI 0.65-1.34) for

those aged 60 to 69 years and 0.93 (95% CI 0.60-1.44) for those aged

>70 years (Table 5A).

Findings in the GOLD cohort were similar. Neither men nor

women showed a significantly increased aHR for SGLT2 inhibitor use

versus DPP-4 inhibitor use, nor was fracture risk increased in any of

the analysed age subgroups (Table 5B).

3.6 | Sensitivity analyses

We performed several sensitivity analyses. Firstly, the number of

extra days to determine treatment discontinuation was shortened

from 60 to 30. For the matched Aurum cohort, this resulted in an aHR

for risk of any fracture of 1.03 (95% CI 0.85-1.25). In the matched

GOLD cohort, we found a similar aHR of 1.05 (95% CI 0.73-1.51).

Secondly, in the sensitivity analysis comparing SGLT2 inhibitor

use with SU use, the aHR of any fracture was 1.01 (95% CI 0.85-1.21)

in the Aurum cohort and 0.86 (95% CI 0.63-1.19) in the GOLD cohort.

Additionally, in the sensitivity analysis without censoring patients

who started antihyperglycaemic drugs other than SGLT2 inhibitors,

DPP-4 inhibitors or metformin after the index date, the mean follow-

up time was 2.19 (1.41) years for DPP-4 inhibitors and 1.49 (1.48)

years for SGLT2 inhibitors and the aHR of any fracture was 1.15 (95%

CI 0.98-1.35) in the Aurum cohort. In the GOLD cohort, the mean

follow-up time was 1.62 (1.31) years for DPP-4 inhibitors and 1.24

(1.32) years for SGLT2 inhibitors and the aHR of any fracture was

0.97 (95% CI 0.71-1.32).

Lastly, when adjusting for BMI and eGFR in a time-dependent

manner in the Cox regression analysis of the propensity-

score-matched population, the aHR for any fracture was 1.09 (95% CI

0.90-1.32) and 0.97 (95% CI 0.68-1.40) in the Aurum and GOLD

cohorts, respectively.

4 | DISCUSSION

In this study, we found that the use of SGLT2 inhibitors was not asso-

ciated with an increased risk of any fracture or MOFs when compared

to the use of DPP-4 inhibitors. This was confirmed in an agent-effect

analysis, which showed that none of the individual agents of SGLT2

inhibitor use was associated with increased fracture risk. Additionally,

a duration-of-use analysis showed that the results were independent

of the duration of SGLT2 inhibitor use.

The results of the present study are contradictory to those of the

CANVAS study.6 The CANVAS study6 concluded that fracture risk

was increased with canagliflozin treatment, and these results were

confirmed in a meta-analysis as well.20 However, the results from the

CANVAS study were driven by older subjects, with a history of cardio-

vascular disease, and with lower baseline eGFR and higher baseline

diuretic use. Several possible explanations for the observed increased

fracture risk have been discussed. Firstly, the previously observed

increase in fracture incidence could have been mediated by falls. The

CANVAS study found that more fractures occurred with canagliflozin

use versus placebo, even early on in the follow-up, and this continued

over 104 weeks of follow-up.6 Furthermore, the mechanism through

which SGLT2 inhibitors lower glucose levels is by inhibiting the

exchange of glucose for sodium in the kidneys by the SGLT2 cotran-

sporter, decreasing the reabsorption of dietary glucose back into the

circulation.21 However, this entails that the sodium gradient is pre-

served, which can be used for the reabsorption of phosphate by the

sodium-dependent phosphate transport proteins, increasing blood

phosphate levels.22 Additionally, tubular flow in the kidneys is likely

increased due to the osmotic diuresis, reducing calcium reabsorption

and increasing calcium excretion levels.13 Taken together, inhibiting

SGLT2 may cause increased calcium excretion and increased phos-

phate uptake, resulting in increased PTH levels, which may negatively

affect bone turnover.13 Based on this hypothesis and the interim

results of the CANVAS study, the US Food and Drug Administration

included a warning concerning an increased risk of bone fracture for

canagliflozin.23 However, in our study, with a mean duration of

follow-up for SGLT2 inhibitor use in the GOLD cohort of 1.4 years

and in the Aurum cohort of 2.2 years, we did not observe such an

increased risk of fractures. Even when focusing solely on patients with

a duration of SGLT2 inhibitor use of >811 days, we did not find an

increased fracture risk for SGLT2 inhibitor use when compared to

DPP-4 inhibitor use as add-on to metformin.

Additionally, the results of our study are supported by several

other studies, including randomized controlled trials, all pointing
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towards a neutral effect of SGLT2 inhibitor use on fracture risk.24-30

Our study used the CPRD database, which includes up to 19.9%

(Aurum database) of the total population in the United Kingdom,16

and did not find an increased fracture risk with SGLT2 inhibitor use

versus DPP-4 inhibitor use in either Aurum or GOLD. This is also in

line with a recent meta-analysis,31 which included 11 large random-

ized clinical trials of this drug class in their meta-analysis on the asso-

ciation between SGLT2 inhibitor and fracture risk and concluded the

CANVAS results were likely due to chance.

This study has several limitations. Firstly, the number of fractures

in our study cohorts was relatively low, despite the respectable size of

our study population. Therefore, subtle differences in fracture risk

might not have been detected in our stratified analyses, such as the

duration-of-use analysis and the agent-effect analyses. Indeed,

the number of fractures within the group with the longest duration of

SGLT2 inhibitor use was relatively low (N = 27 and > 811 days for

Aurum and N = 13 and > 730 days for GOLD), and this should be

kept in mind when interpreting these results. Furthermore, because

this was an observational cohort study, we must consider the possibil-

ity of residual bias. For example, we only have data on prescriptions

for SGLT2 inhibitors and DPP-4 inhibitors, the prescribed quantity

and the dosage instructions from which we calculated the prescription

duration. However, specific data on treatment adherence were una-

vailable. Additionally, we may have underestimated the prevalence of

the comorbidities weighted in the propensity score, which may have

led to insufficient correction for these factors. However, the

propensity-score matching did allow us to adjust for a large number of

subject characteristics, including concomitant medication use, comor-

bidities and lifestyle factors.

To conclude, the results of our study indicate that the use of

SGLT2 inhibitors is not associated with an increased risk of any frac-

ture, MOFs or fracture at an individual MOF site when compared to

the use of DPP-4 inhibitors. These results were further supported by

a duration-of-use analysis and an agent-effect analysis. Thus, our

cohort study adds to previous studies and provides reassurance that

SGLT2 inhibitors as add-on to metformin do not increase fracture risk

compared to DPP-4 inhibitors.
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