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Abstract: Background: Treatment with sodium-glucose co-transporter-2-inhibitors (SGLT2-Is), such as
canagliflozin, has been associated with an increased risk of lower limb amputations (LLAs) in type 2
diabetes mellitus (T2DM). However, conflicting results have been reported for different SGLT2-Is and
the underlying mechanism is unclear.

Objective: To investigate the risk of LLA and diabetic foot ulcer with SGLT2-I use compared to other
anti-diabetic drugs and to explore hypovolemia as a potential underlying mechanism.

Methods: A cohort study was conducted using data from the Clinical Practice Research Datalink GOLD
(2013-2019). The study population (N=51,847) consisted of T2DM patients over 18 years of age with at least
one prescription of a non-insulin anti-diabetic drug. Concomitant diuretic use and the presence of signs of
hypovolemia were determined to assess the potential underlying mechanism. Cox proportional hazard models
were used to estimate the hazard ratio (HR) for LLA in current SGLT2-I use versus current sulphonylurea
(SU) use. Analyses were adjusted for lifestyle variables, comorbidities, and concomitant drug use.

Results: Current SGLT2-I use was not associated with an increased risk of LLA compared to current SU
use (fully adjusted HR 0.70; 95% confidence interval 0.38-1.29). Concomitant use of diuretics and the
presence of signs of hypovolemia were not associated with an increased risk of LLA.

Conclusion: Use of SGLT2-Is, with or without signs of hypovolemia, was not associated with an in-
creased risk of LLA or DFU versus current SU use. Future studies powered to detect potential differ-

ences between individual SGLT2-Is are required to rule out a canagliflozin-specific effect.

Keywords: SGLT?2 inhibitors, Type 2 diabetes mellitus, Amputation, Hypovolemia, Cohort study, CPRD.

1. INTRODUCTION

Lower limb amputation (LLA) is a highly feared compli-
cation of type 2 diabetes mellitus (T2DM) and is approxi-
mately ten times more common among individuals with
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diabetes compared to those without diabetes [1]. Most of
these amputations are preceded by a diabetic foot ulcer, and
particularly patients with such an ulcer and peripheral arteri-
al disease are at risk of amputation [2]. Sodium-glucose co-
transporter-2-inhibitors (SGLT2-Is) are innovative drugs
used in the treatment of T2DM. These drugs prevent the re-
absorption of plasma glucose in the proximal renal tubule
and therefore lower the plasma glucose concentration [3].
SGLT?2-Is are associated with positive cardiac and renal out-
comes in various meta-analyses of randomized controlled
trials (RCTs) [4-6]. However, the results of the Canagli-
flozin Cardiovascular Assessment Study (CANVAS) Pro-

© 2020 Bentham Science Publishers
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gram indicated that individuals using SGLT2-I canagliflozin
had increased risk of LLA versus placebo, especially at the
level of the toe or metatarsal [7].

After the first publication of increased risk of LLA in pa-
tients using SGLT2-Is, subsequent studies reported conflict-
ing results. Some observational cohort studies found a higher
risk of LLA associated with SGLT2-I use [8—10] whereas
other cohort studies did not [11,12]. A meta-analysis of
RCTs as well as a meta-analysis of observational studies did
not observe an increase in LLAs associated with SGLT2-I
use [6,13]. These contrasting findings might be attributable
to differences in study population and study design, especial-
ly the use of different reference groups such as metformin or
glucagon-like peptide 1 receptor agonist users. Alternatively,
the studied SGLT2-I may affect study results, as there might
be a substance-specific effect (i.e., related to canagliflozin)
rather than a class effect [14].

In addition, the underlying mechanism that would be re-
sponsible for the increased risk of LLA is still debated.
Hypovolemia with reduced tissue perfusion, due to the in-
creased osmotic diuresis caused by SGLT2-I use, could be
one of the important pathways leading to amputation [15]. In
line with this hypothesis, an increased risk of LLA has pre-
viously been observed among individuals with T2DM using
diuretics [16]. If hypovolemia would play a role in the un-
derlying aetiology, we would expect an increased risk of
LLA specifically in SGLT2-I users with hypovolemia, or
with concomitant use of diuretics or drugs that target the
renin-angiotensin system. However, the role of hypovolemia
has not been addressed specifically in previous studies.

Therefore, the aim of the current study was to investigate
the risk of LLA and diabetic foot ulcer in the general diabetic
population with SGLT2-I use compared to other anti-
diabetic drugs. In addition, the possibility of SGLT2-I in-
duced hypovolemia as an underlying mechanism was ex-
plored by using signs of hypovolemia and concomitant anti-
hypertensive drug use.

2. METHODS

Data were obtained from the Clinical Practice Research
Datalink (CPRD) GOLD. The CPRD GOLD contains com-
puterized medical records of 674 primary care practices in
the United Kingdom, representing 6.9% of the national
population in 2013. The data recorded in the CPRD include
demographic information, prescription details, clinical
events, preventive care provided, specialist referrals, hospital
admissions, and major outcomes since 1987 [17]. The inde-
pendent scientific advisory committee of the CPRD ap-
proved the study protocol (number 19 199R). No further
ethical approval was required [18].

We conducted a retrospective cohort study. A base cohort
was created by including all individuals aged 18 years or
older and starting with metformin only between January
1998 and October 2019. In order to ensure that individuals
had not previously used metformin or other anti-diabetic
drugs, at least one year of valid data collection was required.
From the base cohort, individuals with a first-ever prescrip-
tion for a sulphonylurea (SU), dipeptidyl peptidase 4 inhibi-
tor (DPP4-I) or SGLT2-I between 01-01-2013 and 31-10-
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2019 were selected. This study period was chosen as
SGLT2-Is have been available as of 01-01-2013 in the Unit-
ed Kingdom. The index date (i.e., start of follow-up) was
determined by the date of the first prescription for an SU,
DPP4-I or SGLT2-1.

2.1. Exposure

The total duration of follow-up was divided into intervals
of 30 days. The exposure to non-insulin anti-diabetic drugs
(NIADs) was determined at the start of each interval. Based
on the time since the most recent prescription, intervals were
classified as current (1-90 days) or past (>90 days) NIAD
use. Individuals could move between current and past use
intervals. Current use intervals were further stratified by the
following mutually exclusive categories of NIAD use: cur-
rent use of either an SU, DPP4-I, or SGLT2-I, current com-
bined use (combinations of an SU and/or DPP4-I, and/or
SGLT2-I) and current use of other NIADs (No SU, DPP4-1
or SGLT2-I). Our exposure of interest was current SGLT2-I
use and current SU use was the reference group.

Besides, current SGLT2-1 use was further stratified by
cumulative dose and continuous duration of use. The cumu-
lative dose was calculated at each current SGLT2-I interval
by reviewing the total amount of previously prescribed
SGLT2-I in defined daily doses (DDDs). Cumulative dose
categories were expressed in canagliflozin equivalents, using
the WHO ATC/DDD index [19]. Continuous duration of use
was defined as the time from the first prescription until the
start of an interval, allowing a gap of 60 days between the
estimated end date of a prescription and the start of the next
prescription. The estimated end date of a prescription was
determined by using the prescribed quantity and the written
dosage instruction. Moreover, current SGLT2-I use was
stratified by the substance (canagliflozin, dapagliflozin or
empagliflozin) in order to study substance-specific effects.

In order to determine if hypovolemia in SGLT2-I users
was associated with an increased risk of LLA, current
SGLT?2-I use was stratified by concomitant use of antihyper-
tensive drugs in the previous 3 months and signs of
hypovolemia as reported in the primary care database in the
previous year. Antihypertensive drugs included loop diuret-
ics, thiazide diuretics, potassium-sparing diuretics, beta-
blockers, angiotensin-converting enzyme (ACE) inhibitors or
angiotensin I receptor blockers (ARBs). Signs of
hypovolemia included a record of dehydration, (orthostatic)
hypotension, oliguria, or a serum urea/creatinine ratio higher
than 0.1.

2.2. Outcomes

Individuals were followed from their index date to either
the end of data collection, the individual’s death or the out-
come of interest, whichever came first. The primary outcome
of interest was the risk of LLA, defined as any lower limb
amputation. For secondary analyses, we were interested in
distal LLAs. We distinguished the following amputation
levels: (1) one or more toes, (2) through and below one or
more metatarsal bones, (3) through and below the ankle. The
secondary outcomes of interest were LLA by level, devel-
opment of diabetic foot ulcer (unspecified) and development
of an ischaemic diabetic foot ulcer.
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2.3. Potential Confounders

Potential risk factors for the outcomes of interest were
identified and were assessed by reviewing the computerized
medical records. Sex, smoking status, alcohol use, and body
mass index (BMI) were determined on the index date. All
other potential risk factors were determined in a time-
dependent manner (i.e., at the start of each interval). The
following confounders were considered: age, duration of
T2DM, the most recently recorded blood glucose level and
HbA 1c measurement within the previous 12 months, a histo-
ry of retinopathy or neuropathy; diabetic foot ulcer or non-
traumatic LLA prior to inclusion in the study; a history of
foot infection, cellulitis of lower limb, osteomyelitis, ulcer of
the lower extremity, renal impairment, atrial fibrillation, cor-
onary arteriosclerosis, coronary revascularisation, acute cor-
onary syndrome, heart failure, ischaemic heart disease, pe-
ripheral arterial disease, peripheral vascular disease, cere-
brovascular disease and stroke, hyperlipidaemia and skin
ulcer; and the use of the following drugs in the previous 6
months: insulin, loop diuretics, thiazide diuretics, potassium
sparing diuretics, beta-blockers, calcium-channel blockers,
digoxin, organic nitrates, platelet inhibitors, anticoagulants,
lipid-lowering drugs, ACE-inhibitors and ARBs. All varia-
bles were treated as categorical variables (with the exception
of age) and dummy indicator variables were used to account
for missing data.

2.4. Statistical Analyses

Cox proportional hazard models were used to estimate
the hazard ratio (HR) for the outcomes of interest comparing
current SGLT2-I use to current SU use. Current SGLT2-I
use was stratified by age, sex, cumulative dose, continuous
duration of use and SGLT2-I substance. In order to test
hypovolemia as the potential mechanism for an increased
risk of LLA, current SGLT2-I use was further stratified by
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antihypertensive drug use in the three months before an in-
terval and by the presence of signs of hypovolemia in the
year prior to an interval. Wald tests were used to statistically
compare the results of these stratifications. Multivariable
analyses were used to address potential confounding in the
Cox proportional hazard models. The HRs were adjusted for
age, sex, and the confounders mentioned in the previous sec-
tion if they showed a >5% change in the beta-coefficient for
current SGLT2-1 use in an age/sex-adjusted analysis, or if
clinical evidence from literature suggested their inclusion as
a confounder. As a sensitivity analysis, current DPP4-I use
was used as the reference group instead of current SU use. In
a second sensitivity analysis, the gap used to determine the
continuous duration of use was changed from 60 days to 30
days. Finally, we excluded individuals with previous LLAs.
Data was analyzed using SAS version 9.4 (SAS Institute,
Cary, NC, USA).

3. RESULTS

Fig. (1) shows the processing of the original data extrac-
tion, to the base cohort and subsequent study cohort. Table 1
shows the baseline characteristics of the SGLT2-I users, SU
users and DPP4-I users. A total of 51,847 NIAD users were
included, of whom 10,927 were SGLT2-I users. The median
follow-up time was 3.0 years (interquartile range [IQR] 1.5-
4.4) for SGLT2-I users and 4.4 years (IQR 2.4-5.7) for SU
users. The median duration of T2DM was higher in SGLT2-1
users (5.9 years [IQR 2.4-9.3]) than in SU users (2.1 years
[IQR 0.3-5.0]). The percentage of women was 42.6% in
SGLT2-I users and 42.8% in SU users. SGLT2-I users were
younger on average (57.8 years) than SU users (61.6 years).
Metabolic control was suboptimal with a mean HbAlc of
8.8% (SGLT2-I users) and 8.7% (SU users). The number of
patients with cardiovascular events and heart failure was
relatively low in both cohorts.

Table 1. Baseline characteristics of SGLT2-I users, DPP4-I users, and SU users™".

Characteristic SGLT2-I users SU users DPP4-I users
(N =10,927) (N =19,651) (N =20,979)

Median follow-up time, (years (IQR)) 3.0 (1.5-4.4) 44124-57) 39((2.1-54)
Median duration of T2DM (years (IQR)) 59((24-93) 2.1((0.3-5.0) 441(1.8-7.8)
Number of women 4,659 | (42.6) 8,419 | (42.8) 8,748 | (41.7)
Age

Mean age at index date (years (SD)) 57.8 | (10.5) 61.6 | (13.2) 63.9 | (12.5)

18 - 49 years 6,056 | (55.4) 8,528 | (43.4) 7,648 | (36.5)

50 - 59 years 3,418 | (31.3) 5,438 | (27.7) 6,098 | (29.1)

60 - 69 years 1,324 | (12.1) 3,948 | (20.1) 4,923 | (23.5)

70 - 79 years 125 | (1.1) 1,582 | (8.1) 2,076 | (9.9)

80+ years <5 (0.0 1551 (0.8) 234 | (L.1)
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Characteristic SGLT2-I users SU users DPP4-I users
(N =10,927) (N =19,651) (N =20,979)
BMI
Mean BMI at index date (kg/m* (SD)) 35.5((6.9) 32.0 | (6.8) 32.6 | (6.6)
<20.0 kg/m’ 51(0.0) 59 ((0.3) 421(0.2)
20.0- 24.9 kg/m* 296 | (2.7) 2,268 | (11.5) 1,706 | (8.1)
25.0 - 29.9 kg/m’ 1,943 | (17.8) 5,954 | (30.3) 6,088 | (29.0)
30.0 - 34.9 kg/m’ 3,543 | (32.4) 5,865 | (29.8) 6,603 | (31.5)
>35 kg/m’ 5,104 | (46.7) 5,325 | (27.1) 6,441 | (30.7)
Missing 36 | (0.3) 180 | (0.9) 99 | (0.5)
Smoking status
Never 3,127 | (28.6) 5,531 | (28.1) 5,768 | (27.5)
Current 1,755 | (16.1) 3,562 | (18.1) 3,230 | (15.4)
Ex 6,039 | (55.3) 10,537 | (53.6) 11,972 | (57.1)
Missing 61(0.1) 21 (0.1) 9 (0.0
Alcohol use
No 3,130 | (28.6) 6,137 | (31.2) 6,645 | (31.7)
Yes 7,592 | (69.5) 13,064 | (66.5) 13,998 | (66.7)
Missing 205 | (1.9) 450 | (2.3) 336 | (1.6)
HbAlc®
Mean HbAlc (% (SD)) 8.8 | (1.6) 8.7 | (1.8) 8.4 | (L.5)
<6.0 % 88 [ (0.8) 245 | (1.2) 232 | (1.1)
6.0-6.9% 1,073 | (9.8) 2,431 (12.4) 3,023 | (14.4)
7.0-79% 2,590 | (23.7) 4,874 | (24.8) 6,442 | (30.7)
8.0-89% 2,523 | (23.1) 3,768 | (19.2) 4,769 | (22.7)
>9.0 % 4,247 | (38.9) 6,345 | (32.3) 5,747 | (27.4)
Missing 406 | (3.7) 1,988 | (10.1) 766 | (3.7)
Blood glucose ©
Mean blood glucose (mmol/L (SD)) 12.0 | (4.6) 12.8 | (5.9) 11.4 | (4.6)
< 6.0 mmol/L 184 | (1.7) 412 | (2.1) 446 | (2.1)
6.0 - 7.4 mmol/L 444 | (4.1) 1,108 | (5.6) 1,173 | (5.6)
7.5 - 9.0 mmol/L 662 | (6.1) 1,508 | (7.7) 1,739 | (8.3)
>9.0 mmol/L 3,143 | (28.8) 6,852 | (34.9) 6,125 (29.2)
Missing 6,494 | (59.4) 9,771 | (49.7) 11,496 | (54.8)
History of Comorbidities
Retinopathy 2,753 | (25.2) 3,272 | (16.7) 4,992 | (23.8)
Neuropathy 659 | (6.0) 846 | (4.3) 1,170 | (5.6)
Diabetic foot ulcer 166 | (1.5) 204 | (1.0) 322 [ (1.5)
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SGLT2-I users SU users DPP4-I users
Characteristic
(N =10,927) (N =19,651) (N =20,979)
Non-traumatic lower limb amputation 551(0.5) 117 ] (0.6) 111 ] (0.5)
Foot infection 361 | (3.3) 464 | (2.4) 624 | (3.0)
Cellulitis of lower limb 318 | (2.9) 5951 (3.0) 672 (3.2)
Osteomyelitis <51(0.0) 51(0.0) 61(0.0)
Ulcer of lower extremity 169 | (1.5) 339 { (1.7) 442 | (2.1)
Skin ulcer 274 | (2.5) 458 | (2.3) 617 1(2.9)
Renal impairment 522 | (4.8) 2,353 | (12.0) 3,588 | (17.1)
Cerebrovascular disease and stroke 490 | (4.5) 1.398 | (7.1) 1.656 | (7.9)
Atrial fibrillation 413 | (3.8) 1,328 | (6.8) 1,589 | (7.6)
Coronary arteriosclerosis <51(0.0) <51(0.0) 10 | (0.0)
Coronary revascularisation 2151 (2.0) 534 1 (2.7) 668 | (3.2)
Acute coronary syndrome 821 (0.8) 182 1 (0.9) 210 | (1.0)
Heart failure 232 | (2.1) 769 | (3.9) 975 | (4.6)
Ischaemic heart disease 1,271 | (11.6) 2,905 | (14.8) 3,398 | (16.2)
Peripheral arterial disease 159 | (1.5) 382 [ (1.9) 481 | (2.3)
Peripheral vascular disease 157 | (1.4) 400 | (2.0) 452 (2.2)
Hyperlipidaemia 2,183 | (20.0) 3,809 | (19.4) 4,545 | (21.7)
Signs of hypovolemia within year before
Dehydration <51(0.0) 18 | (0.1) 131(0.1)
Oliguria or anuria 745 | (6.8) 1,157 | (5.9) 1,212 | (5.8)
Serum urea/creatinine ratio > 0.1 752 | (6.9) 2,099 | (10.7) 1,954 1 (9.3)
Drugs used within 6 months before
Insulin 1,494 | (13.7) 277 | (1.4) 700 | (3.3)
Loop diuretics 655 | (6.0) 2,079 | (10.6) 2,518 | (12.0)
Thiazide diuretics 1,714 | (15.7) 3,051 | (15.5) 3,540 | (16.9)
Potassium sparing diuretics 250 | (2.3) 665 | (3.4) 783 | (3.7)
Beta-blockers 2,018 | (18.5) 4,315 | (22.0) 4,989 | (23.8)
Calcium-channel blockers 3,007 | (27.5) 5,031 | (25.6) 6,217 | (29.6)
ACE-inhibitors 4,913 | (45.0) 7,487 | (38.1) 9,265 | (44.2)
Angiotensin II receptor blockers 1,844 | (16.9) 2,759 | (14.0) 3,545 | (16.9)
Digoxin 122 | (1.1) 599 | (3.0) 622 | (3.0)
Organic nitrates 564 | (5.2) 1,367 | (7.0) 1,543 | (7.4)
Platelet inhibitors 2,734 | (25.0) 5,283 | (26.9) 6,456 | (30.8)
Anticoagulants 301 | (2.8) 1,081 | (5.5) 1,304 | (6.2)
Lipid-lowering drugs 8,236 | (75.4) 13,359 | (68.0) 16,168 | (77.1)

Abbreviations: SGLT2-I: sodium-glucose co-transporter-2 inhibitor; DPP4-I: dipeptidyl peptidase-4 inhibitor; SU: sulphonylurea; IQR: inter quartile range; SD: standard deviation;
BMI: body mass index; HbA lc: glycosylated haemoglobin type Alc; ACE: angiotensin converting enzyme.

* Data are presented as number (%) of individuals, unless stated otherwise.

® Combined users (N=290) are not shown.

“Most recently recorded value in the past 12 months.
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Patients with a metformin

prescription between January 1998

and October 2019
N=328812
Index datenot in valid data
collection period
Age <18 atindex date
Invalid index date or death date
N = 327625
< 1 year of datacollection
Base cohort
N=244471
No prescription of SU, SGLT2-
I -I dunng study
Combined
SGLT2-I users SU users DPP4-1 users
- - - . users
N =10,927 N = 19,651 N =20,979 .
N=290

Fig. (1). Flow chart showing the selection from the original data extraction to the base cohort and the final study cohort. Combined users had
a prescription of a combination of SGLT2-I and/or SU and/or DPP4-I at index date.

We observed 16 LLAs with current SGLT2-I use and 50
LLAs with current SU use, and the corresponding incidence
rates (IRs) were 0.97 and 1.29 per 1000 person years (PY),
respectively. The risk of LLA was similar with current
SGLT2-I use compared to current SU use (Table 2), with a
fully adjusted HR of 0.70 (95% confidence interval [CI]
0.38-1.29). There was no increased risk for a specific level
of LLA with current SGLT2-I use compared to current SU
use. We observed 55 cases of diabetic foot ulcer in current
SGLT?2-I use, yielding a fully adjusted HR of 0.81 (95% CI
0.58-1.14) compared to SU use (data not shown). There were
no reported events of ischaemic diabetic foot ulcer with cur-
rent SGLT2-I use.

Compared to SU use, the risk of LLA in SGLT2-I use did
not increase with higher cumulative dose exposure or longer
continuous duration of use (Table 3). The fully adjusted HR
for the highest cumulative dose group (>145.8 g canagli-
flozin equivalents) was 0.96 (95% CI 0.33-2.77) and the ful-
ly adjusted HR for the longest continuous duration of use
category (= 2.0 years) was 1.11 (95% CI 0.42-2.93).

Of all SGLT2-I prescriptions during follow-up, 13%
were for canagliflozin, 62% for dapagliflozin, and 25% for

empagliflozin. The IRs of LLAs were 2.3/1000 PY for
canagliflozin, 0.83/1000 PY for dapagliflozin, and 0.65/1000
PY for empagliflozin. Due to the small number of events, we
did not run statistical tests on these stratifications.

Current SGLT2-I use was stratified by concomitant use
of several antihypertensives and by signs of hypovolemia
(Table 4). There was no increased risk of LLA in current
SGLT2-I use in case of concomitant use of loop diuretics,
thiazide diuretics, potassium-sparing diuretics, beta-blockers,
ACE-inhibitors or ARBs. In addition, a serum
urea/creatinine ratio > 0.1 was not associated with an in-
creased risk of LLA. The other signs of hypovolemia are not
shown, as there were no SGLT2-I users with an LLA and
record of dehydration, (orthostatic) hypotension or oliguria.
The Wald tests did not yield significant results, confirming
that there was no difference between the results of these
stratifications.

In the first sensitivity analysis, in which DPP4-1 use was
used as the reference group instead of SU use, the results
were not materially altered. The fully adjusted HR for LLA
in current SGLT2-I use compared to current DDP4-I use was
0.88 (95% CI 0.48-1.61). In the second sensitivity analysis,
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Table 2. Risk of LLA in past and current NIAD use compared to current SU use, for current SGLT2-I use stratified by sex, age,
and site of LLA.

N“mli"lfg IR (/1000 Age/sex adjusted HR Fully adjusted HR
(N=193) PY) (95% CI) (95% CID
Past NIAD use 20 0.35 0.31](0.18 - 0.52) 0.32{(0.19-0.55) "
Current SU use 50 1.29 Reference Reference
Current DPP4 - T use 38 1.18 0.93 ] (0.61 - 1.42) 0.80 | (0.52-1.24)F
Current combined use * 54 1.45 1.16 | (0.78 - 1.70) 1.05 | (0.70 - 1.57) °
Current other NIAD use 15 0.99 0.85 | (0.48 - 1.53) 0.76 | (0.41-1.39) "
Current SGLT2-I use 16 0.97 0.86 | (0.48 - 1.53) 0.70 | (0.38-1.29)F
By sex®
Males 10 1.07 0.67 | (0.33 - 1.36) 0.49 | (0.23-1.02)¢
Females * 6 0.84 1.64 | (0.56 - 4.78)
By age ¢
<50 years <5 0.60 0.75 | (0.14 - 4.02)
50-59 years 5 0.84 1.10 | (0.35 - 3.46)
60-69 years 7 1.35 0.93 | (0.38-2.29)
70+ years <5 0.98 0.69 | (0.16 - 3.01)
By site of LLA ©
One or more toes 8 0.49 1.11 | (0.47 - 2.63) 0.67 | (0.28 - 1.63)"
morgg;z%;/s t;?lg;”ng;‘e o 8 0.49 1.13 | (0.48 - 2.65) 0.71 [ (029 - 1.71)"
Through/below ankle 9 0.55 1.16 | (0.51 -2.62) 0.66 | (0.28 - 1.55)

Abbreviations: LLA: lower limb amputation; IR: incidence rate; PY: person years; HR: hazard ratio; CI: confidence interval; NIAD: non-insulin anti-diabetic drug; SU: sulphonylu-
rea; DPP4-I: dipeptidyl peptidase-4 inhibitor; SGLT2-I: sodium-glucose cotransporter-2 inhibitor.

*Combined use of at least two of the following NIADs: an SU and/or DPP4-I and/or SGLT2-1.

°Compared with controls of the same sex.

“No fully adjusted HR possible due to the limited number of LLAs.

{Compared with controls in the same age category.

“Stratification is built up per site. “One or more toes” only includes LLAs of the toes, “Through/below one or more metatarsal bones” includes all LLAs up to this level (i.e. LLAs of
one or more toes and through/below one or more metatarsal bones) and “Through/below ankle” includes all LLAs up to this level (i.e. LLA of the toes, metatarsal bones and
through/below the ankle).

Adjusted for sex, age, smoking status, T2DM duration, the use of insulin in the 6 months before, a history of retinopathy, neuropathy, foot infection, peripheral vascular disease, skin
ulcer and previous diabetic foot ulcer or LLA.

€Adjusted for age, diabetes duration, the use of insulin in the 6 months before, a history of skin ulcer, neuropathy, foot infection and previous diabetic foot ulcer or LLA.

"Adjusted for sex, age, diabetes duration and the use of insulin in the 6 months before.

'Adjusted for sex, age, diabetes duration, the use of insulin in the 6 months before and previous diabetic foot ulcer.

The number of included confounders in each Cox regression model that estimated adjusted HRs was based on a maximum of one confounder per ten events [30].

Table 3. Risk of LLA in past and current NIAD use compared to current SU use, for current SGLT2-I use stratified by cumulative
dose exposure and continuous duration of use.

N“ml:::: IR (/1000 Age/sex adjusted HR Fully adjusted HR®

(N=193) PY) (95% CI) (95% CI)
Past NIAD use 20 0.35 0.31{(0.18-0.52) 0.32 | (0.19-0.55)
Current SU use 50 1.29 Reference Reference
Current DPP4-I use 38 1.18 0.93 | (0.61 - 1.42) 0.80 | (0.52 - 1.24)
Current combined use 54 1.45 1.16 | (0.79 - 1.71) 1.05 | (0.70 - 1.57)
Current other NIAD use 15 0.99 0.85|(0.48-1.53) 0.76 | (0.41 - 1.39)
Current SGLT2-I use 16 0.97 0.86 | (0.48 - 1.53) 0.70 | (0.38 - 1.29)
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By cumulative dose
<73.0 g canagliflozin equivalents 7 0.76 0.66 | (0.30 - 1.48) 0.55{(0.24 - 1.23)
73.1-145.8 g canagliflozin equivalents 5 1.29 1.14 | (0.45-2.90) 0.91 | (0.35-2.38)
>145.8 g canagliflozin equivalents <5 1.17 1.07 | (0.38 - 3.02) 0.96 | (0.33-2.77)
By continuous duration of use
No continuous duration of use 0 N/A N/A N/A
<1.0 years 6 0.66 0.62 | (0.27 - 1.47) 0.52 | (0.22 - 1.25)
1.0 - 1.9 years 5 1.26 1.12 | (0.44 - 2.84) 0.91 | (0.35-2.36)
>2.0 years 5 1.46 1.35 | (0.53 - 3.44) 1.11](0.42-2.93)

Abbreviations: LLA: lower limb amputation; IR: incidence rate; PY: person years; HR: hazard ratio; CI: confidence interval; NIAD: non-insulin anti-diabetic drug; SU: sulphonylu-
rea; DPP4-I: dipeptidyl peptidase-4 inhibitor; SGLT2-I: sodium-glucose cotransporter-2 inhibitor; N/A: not applicable.
"Adjusted for sex, age, smoking status, diabetes duration, the use of insulin in the 6 months before, a history of retinopathy, neuropathy, foot infection, peripheral vascular disease,

skin ulcer and previous diabetic foot ulcer or LLA.

°Combined use of at least two of the following NIADs: an SU and/or DPP4-I and/or SGLT2-1.
The number of included confounders in each Cox regression model that estimated adjusted HRs was based on a maximum of one confounder per ten events [30].

Table 4. Risk of LLA in past and current NIAD use compared to current SU use, for current SGLT2-I use stratified by concomi-

tant antihypertensive use and signs of hypovolemia.

Num:eli :sf IR (/1000 Age/sex adjusted HR Multivariate adjusted HR*
(N=193) PY) (95% CI) 95% CI)
Past NIAD use 20 0.35 0.31 | (0.18 - 0.52) 0.32 {(0.19 - 0.55)
Current SU use 50 1.29 Reference Reference
Current DPP4 - T use 38 1.18 0.93 | (0.61 - 1.42) 0.80 | (0.52 - 1.24)
Current combined use 54 1.45 1.16 | (0.78 - 1.70) 1.05 | (0.70 - 1.57)
Current other NIAD use 15 0.99 0.85 | (0.48 - 1.53) 0.76 | (0.41 - 1.39)
Current SGLT2 - I use 16 0.97 0.86 | (0.48 - 1.53) 0.70 | (0.38 - 1.29)
By concomitant antihypertensive use in the previous
3 months
Loop diuretics
Yes <5 1.36 1.24 1 (0.17 - 8.99) 0.31 | (0.04 - 2.34)
No 15 0.95 0.84 | (0.46 - 1.52) 0.76 | (0.41 - 1.42)
Thiazide diuretics
Yes <5 0.94 0.83 | (0.20 - 3.41) 0.64 | (0.15-2.70)
No 14 0.98 0.86 | (0.47 - 1.58) 0.711(0.38 - 1.34)
Potassium sparing diuretics
Yes <5 2.98 2.51|(0.35-18.21) 0.62 | (0.08 - 4.72)
No 15 0.93 0.82 | (0.45-1.48) 0.71(0.38-1.31)
Beta-blockers
Yes 5 1.69 1.39 | (0.55-3.52) 0.93 | (0.36 - 2.41)
No 11 0.81 0.73 | (0.37 - 1.42) 0.63(0.32-1.27)
ACE-inhibitors
Yes 9 1.25 1.05](0.51 -2.15) 0.73 1 (0.34 - 1.54)
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No 7 0.75 0.69 | (0.31 - 1.55) 0.68(0.30-1.54)
Angiotensin II receptor blockers
Yes <5 1.49 1.30 | (0.47 - 3.62) 1.27 | (0.45 - 3.60)
No 12 0.87 0.77 | (0.40 - 1.46) 0.61](0.31-1.19)
By signs of hypovolemia in the previous 12 months °
Serum urea/creatinine ratio > 0.1
Yes <5 0.69 0.72 | (0.10 - 5.24) 0.49 | (0.07 - 3.61)
No 15 1.00 0.87 | (0.48 - 1.57) 0.731(0.39 - 1.35)

Abbreviations: LLA: lower limb amputation; IR: incidence rate; PY: person years; HR: hazard ratio; CI: confidence interval; NIAD: non-insulin anti-diabetic drug; SU: sulphonylu-
rea; DPP4-I: dipeptidyl peptidase-4 inhibitor; SGLT2-I: sodium-glucose cotransporter-2 inhibitor; ACE: angiotensin converting enzyme.
"Adjusted for sex, age, smoking status, diabetes duration, the use of insulin in the 6 months before, a history of retinopathy, neuropathy, foot infection, peripheral vascular disease,

skin ulcer and previous diabetic foot ulcer or LLA.

°Combined use of at least two of the following NIADs: an SU and/or DPP4-I and/or SGLT2-1.
“There were no SGLT2-I users with a record of dehydration/hypovolemia or oliguria/anuria.

The number of included confounders in each Cox regression model that estimated adjusted HRs was based on a maximum of one confounder per ten events [30].

we reduced the gap allowed in the continuous duration of use
from 60 to 30 days. The HRs for <1.0 year, 1.0-1.9 years and
>2.0 years of continuous duration of use were 0.62 (95% CI
0.29-1.34), 0.64 (95% CI 0.20-2.11) and 1.27 (95% CI 0.44-
3.66), respectively. Excluding individuals with previous
LLAs in our third sensitivity analysis did not lead to differ-
ent findings. There were 11 LLAs left in the current SGLT2-
I group and the fully adjusted HR for LLA in current
SGLT2-I use compared to current SU use was 0.58 (95% CI
0.28-1.23).

4. DISCUSSION

The present study shows that there was no increased risk
of LLA with current SGLT2-I use compared to current SU
use in a population of T2DM patients treated in primary
care, with a relatively low number of micro- or macrovascu-
lar complications. Additionally, we did not find a higher risk
of LLA with increasing cumulative dose exposure or longer
continuous duration of SGLT2-I use. Concomitant use of
SGLT2-Is with diuretics and renin-angiotensin system
blockers was not associated with an increased risk of LLA
and neither was the presence of signs of hypovolemia. Fur-
thermore, we found no association between the use of
SGLT2-I and different levels of LLA as well as with diabetic
foot ulcer.

The results of this study are in line with the findings of a
meta-analysis of RCTs in which no increased risk of LLA
was observed with SGLT2-I use compared to standard
treatment or placebo (OR 1.30 [95%CI 0.93-1.83]) [6]. The
CANVAS Program was included as one of the RCTs in this
meta-analysis. The results of this particular trial are not in
line with the current findings, as an almost two-fold increase
in the risk of LLA was associated with canagliflozin use
compared to placebo (HR 1.97 [95%CI 1.41-2.75]) during a
median follow-up time of 2.4 years [7]. These contrasting
findings could be due to several differences in the study
population and study design. The CANVAS Program includ-
ed a population with a markedly higher cardiovascular risk
profile than the current study population. In addition, there
were fewer women, the participants were older, had longer
T2DM duration, more neuropathy and more previous LLAs;
all factors associated with an increased risk of LLA [20-23].

Besides, the use of an intention to treat analysis might have
caused overestimation of canagliflozin exposure and the use
of a placebo group as a reference instead of an active com-
parator might have augmented differences between the
groups. Ultimately, the results of the CANVAS Program
were nullified by the other studies included in the previously
mentioned meta-analysis of RCTs, and the overall result of
this meta-analysis was in line with our findings [6]. Moreo-
ver, our results are in line with a meta-analysis of observa-
tional studies [13] and another observational cohort study
[24] in which no increased risk of LLA associated with
SGLT2-I use was found. In several other cohort studies, an
increased risk of LLA was observed with SGLT2-I use [8—
10, 25]. However, these studies may have suffered from
time-lag bias as other lines of treatment, including metfor-
min users, were used as reference groups [26]. Finally, as
suggested in a previous commentary [14] and a meta-
analysis of RCTs [27], only canagliflozin might be associat-
ed with an increased risk of LLA; in pooled analyses of
RCTs of dapagliflozin [28] and empagliflozin [29], no such
increased risk was observed. In line with these findings, we
observed a numerical higher incidence rate of LLAs with
canagliflozin compared to the other SGLT2-Is in the current
study. However, the numbers were too small to perform a
statistical analysis.

In the current study, we explored whether hypovolemia
due to the SGLT2-I-induced increase in renal glucose excre-
tion, followed by a decrease in peripheral tissue perfusion
[15], was associated with an increased risk of LLA. This
potential mechanism was supported by the previous observa-
tion that volume depletion and osmotic diuresis were more
common in the canagliflozin group compared to the placebo
group in the CANVAS Program [7]. Besides, diuretic use
has previously been associated with an increased risk of
LLA in individuals with T2DM [16]. The proposed mecha-
nism of hypovolemia suggests that long-term high dose users
of SGLT2-Is would have a higher risk of LLA than short-
term low dose users. However, we did not observe a dose-
response relationship nor an increase in the risk of LLA over
a longer period of continuous use. Besides, we did not find
an increased risk of LLA in current SGLT2-I use with the
presence of signs of hypovolemia or with concomitant diu-
retic use in the current study.
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The current study has several strengths. The duration of
follow-up in the study is longest among previous cohort
studies and approaches the duration of the CANVAS Pro-
gram [7], suggesting that we captured the time frame in
which LLAs might occur. During this follow-up time, ap-
proximately a quarter of all SGLT2-I users had more than
two years of continuous duration of use and we were able to
track their cumulative dose exposure. We used a primary
care database that is more representative of the general popu-
lation as compared to RCTs in which only patients with very
specific inclusion criteria are selected. Besides, the use of
30-day intervals for drug exposure reduced the risk of mis-
classification of exposure. Finally, we minimized the risk of
time lag bias by using a well-defined reference group in the
same line of therapy as SGLT2-Is according to British guide-
lines [30] and with similar metabolic control, and by correct-
ing the analyses for T2DM duration and insulin use.

Our study also has several limitations. Despite the sub-
stantial size of the study population, the number of LLAs
was limited. Due to this small number of events, the stratifi-
cation of current SGLT2-I users by the different SGLT2-Is
to determine a substance effect did not yield a sufficient
number of events. Also, we were limited in the number of
confounders we could correct for. As a rule of thumb, we
included one confounder per 10 events [31]. In case the
number of confounders with >5% change in the beta-
coefficient exceeded this rule of thumb, we eliminated the
confounders with the lowest impact. Although we used a
reference group with similar disease severity and corrected
for available confounders, such as T2DM duration and insu-
lin use, SGLT2-I users appear to be a specific group of pa-
tients, and channeling bias may have occurred to some extent
[32]. Moreover, as in all observational studies, residual con-
founding must be considered when interpreting the results.
Limited data was available on the characteristics of which
we assumed could be signs of hypovolemia. Besides, under-
estimation of comorbidities might have led to insufficient
correction for risk for LLA, which could have caused a slight
distortion of the actual effect of SGLT2-I use. We suspect
underestimation of the number of LLAs as the observed IR
in our study population is lower than previously reported
numbers in the United Kingdom [33] and in American popu-
lations [1, 34]. The degree of underestimation of both
comorbidities and LLAs is likely to be equal in all groups
and therefore may have masked a true association.

CONCLUSION

The results of the current study suggest that SGLT2-I use
is not associated with an increased risk of LLA compared to
SU use in a general diabetic population. This was supported
by the findings that the risk did not increase with increasing
cumulative dose exposure or longer continuous duration of
use. However, the number of events was limited and a
canagliflozin-specific effect cannot be ruled out given the
relatively low number of patients using this drug in the study
population. Nevertheless, our data suggest that the use of
dapagliflozin or empagliflozin is not a major risk factor for
LLA. Concomitant use of diuretics and renin-angiotensin
system blockers, as well as the presence of signs of
hypovolemia were not associated with an increased risk of

Werkman et al.

LLA. Future studies powered to detect potential differences
between individual SGLT2-Is and with a more extensive re-
cording of (signs of) hypovolemia would be a useful addition.
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