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Abstract

Abstract Aim: we sought to estimate the association between hypoglycemic medications especially sodium-glucose co-transporter-

2 inhibitors (SGLT2i) and osteomyelitis based on the FDA adverse event reporting system (FAERS). Methods: Publicly avail-

able FAERS data were analyzed using reporting odd ratio (ROR) method and Bayesian confidence propagation neural network

(BCPNN) method. The developing trend of ROR were revealed by series of calculation based on accumulating dataset quarter

by quarter. Results: Ketoacidosis, infections, peripheral ischemia, renal impairment, inflammation including osteomyelitis might

more likely to occur among SGLT2i users, especially canagliflozin. Osteomyelitis and cellulitis are AEs unique to canagliflozin.

Among 2,888 osteomyelitis-related reports referring to glucose lowering medications, 2,333 cases were associated with SGLT2i,

mostly with canagliflozin counting 2,283 which generated an ROR value of 360.89 and a lower limit of information component

(IC025) of 7.79. No BCPNN-positive signal could be generated for drugs other than insulin, canagliflozin or drug groups ex-

cluding canagliflozin. Reports referring to insulin could generate BCPNN-positive signals during the entire timespan from 2004

to 2021, while BCPNN-positive signal emerged since second quarter (Q2) of 2017, four years since the approval of SGLT2i in Q2

of 2013, for canagliflozin and drug groups containing canagliflozin. Conclusion: This data mining revealed that strong associa-

tion between canagliflozin treatment and developing osteomyelitis which might be a precursor to lower extremity amputation.

Further study with updated data is needed to better characterize the risk of osteomyelitis associated with SGLT2i.
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What is already known about this subject:

• Several clinical trials have indicated that the use of canagliflozin, a new class of oral antidiabetic drugs
that inhibit sodium-glucose cotransporter 2, increases the risk of lower extremity amputation.

• Diabetes is also a risk of lower extremity amputation.
• FDA had withdrawn its black box warning amputation risk on canagliflozin, but this risk still exists.

What this study adds:

• To investigate adverse events (AEs) of various hypoglycemic drugs using data mining procedure based
on FDA adverse event reporting system (FAERS).

• To discuss what makes sodium-glucose co-transporter-2 inhibitors (SGLT2i) so special, especially for
canagliflozin.

• To screen out AEs that might be used as warnings of immanent lower extremity amputation.

Abstract

Aim: we sought to estimate the association between hypoglycemic medications especially sodium-glucose
co-transporter-2 inhibitors (SGLT2i) and osteomyelitis based on the FDA adverse event reporting system
(FAERS).

Methods: Publicly available FAERS data were analyzed using reporting odd ratio (ROR) method and
Bayesian confidence propagation neural network (BCPNN) method. The developing trend of ROR were
revealed by series of calculation based on accumulating dataset quarter by quarter.

Results: Ketoacidosis, infections, peripheral ischemia, renal impairment, inflammation including osteomyeli-
tis might more likely to occur among SGLT2i users, especially canagliflozin. Osteomyelitis and cellulitis are
AEs unique to canagliflozin. Among 2,888 osteomyelitis-related reports referring to glucose lowering medi-
cations, 2,333 cases were associated with SGLT2i, mostly with canagliflozin counting 2,283 which generated
an ROR value of 360.89 and a lower limit of information component (IC025) of 7.79. No BCPNN-positive
signal could be generated for drugs other than insulin, canagliflozin or drug groups excluding canagliflozin.
Reports referring to insulin could generate BCPNN-positive signals during the entire timespan from 2004 to
2021, while BCPNN-positive signal emerged since second quarter (Q2) of 2017, four years since the approval
of SGLT2i in Q2 of 2013, for canagliflozin and drug groups containing canagliflozin.
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Conclusion: This data mining revealed that strong association between canagliflozin treatment and devel-
oping osteomyelitis which might be a precursor to lower extremity amputation. Further study with updated
data is needed to better characterize the risk of osteomyelitis associated with SGLT2i.

Introduction

Sodium-glucose co-transporter-2 inhibitors (SGLT2i) are a class of oral hypoglycemic agents that spell their
glucose lowering effect by lowering the renal threshold for glucose reabsorption in the proximal renal tubule,
causing glycosuria, increasing renal excretion of glucose. In patients with type 2 diabetes (T2D), SGLT2i
are effective in controlling glycaemia, blood pressure, and body weight [1]. Since approval of canagliflozin in
2013, these drugs have been reported to demonstrate protective effect on renal and cardiovascular disease
(CVD) [2-4], such as preventing hospitalization for heart failure (HF) in patients with T2D with or without a
prior history of HF or cardiovascular disease at baseline [5], or significantly improving outcomes for patients
with HF and reduced ejection fraction , 42–50% of whom had T2D [6].

However, in 2017, the US Food and Drug Administration (FDA) issued a Drug Safety Communication
regarding a boxed warning about foot and leg amputations with the use of canagliflozin, and removed it in
2020 reconsidering its additional benefits [7, 8]. The amputation risk with canagliflozin remains and is still
described in the Warnings and Precautions section of the prescribing information. Health care professionals
and patients should continue to recognize the importance of preventative foot care and monitor for new
pain, tenderness, sores, ulcers, and infections in the legs and feet. Risk factors that may predispose patients
to the need for amputation should be considered when choosing antidiabetic medicines [8]. This warning
was based on the evidence from two clinical trials. The Canagliflozin Cardiovascular Assessment Study
(CANVAS) program used data from two trials and showed that there was a statistically significantly higher
risk of amputation with canagliflozin than with placebo (6.3 vs. 3.4 participants with amputations per 1,000
patient-years) [9, 10]. A retrospective cohort study has raised concerns in relation to increased risk of lower
extremities amputation with canagliflozin and it remains unclear whether and to what extent this side effect
could also occur with other SGLT2i, in which risk of osteomyelitis was also mentioned about [11].

To the best of our knowledge there is no assessment of association between hypoglycemic drugs and AEs,
which might be precursors to lower extremity amputation, especially osteomyelitis, based on real world data.
Osteomyelitis is an inflammatory bone disease that is caused by an infecting microorganism and leads to
progressive bone destruction and loss [12, 13], which complicates approximately 10-20% of foot ulcers in
individuals with diabetes attending specialist clinics [14], although a frequency of as high as 68% has been
reported in one study [15, 16]. This complication greatly increases the risk of a lower-extremity ampu-
tation [17, 18]. Although, both the CANVAS and Canagliflozin Cardiovascular Assessment Study–Renal
(CANVAS-R) suggested an increased risk for lower limb amputations, they underestimated the importance
of osteomyelitis, since its treatment might greatly reduce the risk of amputation. In this study, based on
the US Food and Drug Administration Adverse Event Reporting System (FAERS), we investigated the as-
sociation between treatment of hypoglycemic drugs and adverse events (AEs) referred, as well as association
between diabetes and AEs. Drug-AEs which could generated stronger signals than the pair of the same AEs
and diabetes, especially osteonecrosis-related AEs, could be used as warning for prognosis of lower extremity
amputation.

Methods

Publicly available FAERS data since January 1 2004 to September 30, 2021 was downloaded from FDA
website as raw data. Hypoglycemic medications were mapped to the anatomic therapeutic classification
(ATC) as A10 class. “Osteomyelitis” was defined as all of the adverse events (AEs) containing the key
word “osteomyelitis”, which were determined by the Standardized MedDRA Query (SMQ, version 23.0)
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terminology [19]. Dataset of “Diabetes” was composed by all reports in FAERS with indication containing
the key word “diabetes”.

Criteria of exclusion (Figure 1 ) were applied: each potential case was subjected to data cleaning procedure
to make sure the removal of reports which were officially deleted by FDA authority, duplicated, missing
caseid and date, or with inaccurate data for gender and age, and then was filtered with the targeted drug as
the primary suspected (PS) drug. All the reports containing A10 medications other than the targeted one
were removed, to minimize the possibility of interfering effects.

Data mining procedure using reporting odd ratio (ROR) method [21, 22] was introduced to investigate
the disproportionality in reporting ratio caused by interested drug-AE pairs compared with random drug-
AE pair, which were then tandem with Bayesian confidence propagation neural network (BCPNN) method
introduced by Bate A et al. in 1998 [23], deducing linkage between the target drug and event by a prior
possibility. The association between “diabetes” and AEs was also investigated. Drug-AE pairs which could
generated stronger signals than the same AEs paired and diabetes were screened out and demonstrated with
a heatmap. Osteomyelitis was picked as the major precursor to lower extremity amputation.

All the drugs and drug groups mentioned above were subjected to descriptive analysis for demographics, in-
cluding gender, age category, annual report counts, occupation of the reporter, role of the targeted drug, and
outcomes. Since hypoglycemic medications may sometimes be used by non-diabetic individuals or purpose
[24, 25], meanwhile a considerable proportion of reports presents no specific indications or missing infor-
mation, all interested drugs or drug groups were performed in duplicates with or without filtering diabetes
as indication (Figure 1 ). Reports referring to competing interfering such as drugs known for causing os-
teomyelitis, including zoledronic acid, alendronate sodium were cast out, as well as reports listing osteology
conditions as indications and adverse events (AE), since osteomyelitis may occurs preferentially in patients
with diabetic ulcers, lower extremity amputation, metatarsal excision [17]. Because that osteomyelitis might
occur preferentially in patients with known infection [18], we excluded reports containing competing indica-
tions and AEs which are typically reported preferentially among users of SGLT2i, in order to minimize the
bias due to dilution or competition [26, 27], such as diabetic foot [28], infection [29], especially for genital
infection, genitourinary tract infections (GUTI), urinary tract infection, diabetic ketoacidosis (DKA), and
Fournier’s gangrene (FG), as well as reports that listing all the anti-biotics or becaplermin [30]. Furthermore,
the using of insulin and its analogs (A10A) is typically considered a proxy of disease severity or advanced
disease stage [26, 27], we category reports referring to A10A as a control group. In addition, the gender bias
of the osteomyelitis reports was also put to the investigation. Reports referring to testosterone and estrogen
were extract and underwent the same cleansing procedure described above.

The developing trend of ROR on quarterly basis was investigated. We designed a procedure to mimic the
accumulation of FAERS data in real world by adding up every quarter of data into the dataset. Series
of quarterly ROR (q-ROR) value was generated for interested drug (drug group)-osteomyelitis pairs. Chi-
square tests (Chi2 tests) were induced to compare the changing tendencies of q-ROR of given pairs, as well
as tendencies prior to and since SGLT2i were approved by FDA, to eliminate the interfering effect cause by
comorbidities or concomitants.

Data process were conducted with R Studio 4.1.2 (RStudio), using logistic regression model. For ROR, a
signal was determined as count of drug-AE pair (a) larger than 3, plus the value of the ROR higher than 1,
as well as lower limit of the 95% confidence interval (95%CI) exceeding 1. For BCPNN, a signal was defined
as the value of lower limit of information component (IC025) exceeding 0, which to be specific, IC025 value
between 0 and 1.5 was defined as a weak signal, while IC025 between 1.5 and 3 was considered as a medium
signal, and IC025> 3 was considered as a strong signal.
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Results

As shown in Figure 2 and supplement table 1 , comparing with the risk factor “diabetes”, most of A10
drugs demonstrated curative effects for patients with diabetes, while sglt2i might increase risk of ketoacidosis
(IC025 of diabetes: 3.57 vs.IC025 of empagliflozin: 6.99), lower limb extremity amputation such as toe
amputation (IC025 of diabetes: 3.38 vs. IC025 of canagliflozin: 5.35), gangrene such as Fournier’s gangrene
(IC025 of diabetes: 3.75 vs. IC025 of empagliflozin: 6.76), infection such as urinary tract infection (IC025 of
diabetes: 0.10 vs. IC025 of canagliflozin: 1.84), ulcer such as skin ulcer (IC025 of diabetes: 0.79vs. IC025 of
canagliflozin: 2.42), peripheral ischemia (IC025 of diabetes: 0.39 vs.IC025 of canagliflozin: 2.23), kidney injury
such as acute kidney injury (IC025 of diabetes: 1.56vs. IC025 of dapagliflozin: 2.27), various inflammation
including osteomyelitis, fasciitis and cellulitis, especially for the case of canagliflozin. osteomyelitis (IC025 of
diabetes: 1.80 vs.IC025 of canagliflozin: 4.17) and cellulitis (IC025 of diabetes: 0.56 vs.IC025 of canagliflozin:
2.16) were AEs unique to canagliflozin.

The FAERS database is composed by a total 14,073,327 AE reports from January 1 2004 to up to Septem-
ber 30, 2021. Following the data cleanse procedure described above, there are 2,888 osteomyelitis-related
reports referring to hypoglycemic drugs (A10), among which 2,333 cases are associated with SGLT2i, mostly
contributed by canagliflozin counting 2,283 (Table 1 ). Among reports referring to both canagliflozin and
osteomyelitis, 73.50% of patients are male, while the gross gender ratio for each category of A10 drugs is
relatively balanced. Among all osteomyelitis-related patients treated with canagliflozin, 59.22% are 30 to
49-year-old, as well as 23.74% patients aged 18 to 29-year-old, 14.76% patients aged 50 to 64-year-old, which
added up 97.72% patients aged from 18 to 64-year-old, comparing to 79.07% cases are categorized in the
same age group for A10 treated patients. For reports exposure to canagliflozin, 99.82% of which classed
the targeted drug as primary suspect drug (PS). The most common reporting source is from consumers,
counting 91.90% for canagliflozin-related case associated with osteomyelitis, on the contrary, for all reports
referring to A10 drugs about 50% of are filed by consumers.

All interested drugs-osteomyelitis pair were subjected to disproportional analysis and BCPNN in duplicates
with filtering for the diabetes indication, and results are demonstrated in Figure 3 . As demonstrated in
Figure 3 , a total of 1,451 counts of osteomyelitis related AEs are generated out of total 1,438 reports listing
canagliflozin, and the ROR value is 360.89 (95% CI 340.58-382.41) coupled with IC025 value as 7.79. Detailed
to each osteomyelitis-related AE individually, canagliflozin-osteomyelitis pair counted 1,214, generated ROR
as 315.60 (95% CI 296.51-335.93) and IC025 as 7.62, canagliflozin-osteomyelitis acute pair counted 157, ROR
as 1391.14 (95% CI 1134.55-1705.76) and IC025 as 6.48, canagliflozin-osteomyelitis chronic pair counted 72,
ROR as 716.11 (95% CI 546.95-937.60) and IC025 as 5.03. All above signals are classed as strong signals. For
canagliflozin-staphylococcal osteomyelitis pair, although a high ROR value was generated as 168.49 (95% CI
81.87-346.74), but coupled with IC025 as -1.21, and therefore cast out as a negative signal by BCPNN, as false
positive. For osteomyelitis associated with empagliflozin, ROR value is 2.72 (95% CI 1.22-6.06) and IC025 as
-0.19 (Figure 3 ), while other SGLT2i as well as other hypoglycemic drugs (A10) except for insulin and its
analogs (A10A) did not generate any valid ROR. Non-canagliflozin SGLT2i as a group could generate ROR
as 1.99 (95%CI 0.95-4.17) and IC025 as -0.33, while other hypoglycemic drug groups including biguanides,
DPP4, GLP1, TZD did not generate any valid ROR signal. Among all reports referring to osteomyelitis,
405 cases referring to insulin and its analogs and generated ROR as 1.32 (95% CI 1.08-1.62) and IC025 as
0.09, which could be considered as a weak signal, 484 cases referring to non-insulin hypoglycemic drugs
(A10B) other than SGLT2i and could not generated valid ROR as 0.28 and IC025 as -2.25, which meant no
signal. Taking gender as filter, there is significant difference in the ROR of osteomyelitis associated with
canagliflozin between males (ROR 453.79, 95% CI 424.51–485.10, IC025 as 7.96) and females (ROR 190.38,
95% CI 171.07–211.87, IC025 as 6.69). For insulin-osteomyelitis pair, only male generates a weak signal
(ROR 2.00, 95% CI 1.53-2.63, IC025 as 0.57).

To demonstrate the changing patter of q-ROR (Supplement Table 2& Figure 4 ), natural logarithm
value of ROR (Ln ROR) was used as vertical coordinates, and plotted against quarters of year as horizontal
coordinates. As shown in Figure 4 , although reporting counts of canagliflozin-osteomyelitis pair diminishes
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considerably with filtering diabetes as indication comparing to without doing so, the curve of canagliflozin is
almost overlapped with curve of canagliflozin (wo, without). When A10 drugs excluding SGLT2i and insulin
were investigated as drug group, all the q-ROR value are below the threshold of ROR value as 1 (Ln ROR
as 0), while the Ln ROR-time curve of insulin (insulin and its analogs as a group, A10A) remains a generally
horizontal line, with ROR value consistently within range from 1 to 2 (Ln ROR range from 0 to 1), since
the second quarter (Q2) of 2013. As shown in Supplement Table 2 , during 18 years from January 1 2004
to up to September 30, 2021, q-ROR value of insulin is always above the recognition threshold of 1 and
fluctuates consistently around a median as 1.57 (mean 1.71 ± 0.44), and valid ROR could be identified since
Q3 of 2004. The curve of canagliflozin and SGLT2i starts to generate valid ROR signal, since as early as
2017 Q4, while for any drug group including SGLT2i, first valid ROR emerges since 2018 Q1. For any drug
group excluding canagliflozin, such as non-canagliflozin A10 and non-SGLT2i A10, no valid ROR signal is
ever generated (Supplement Table 2 ).

Chi2 tests were then applied to investigate correlation between the series of q-ROR, using a null hypothesis
claiming the prevalence of any two-given series of q-ROR was the same. Among all series, canagliflozin,
canagliflozin (wo), and SGLT2i, share the same pattern, although the scales of ROR were considerably
different. Changing pattern of canagliflozin and SGLT2i demonstrates differences from insulin (p = 0.00) and
other hypoglycemic drugs or drug groups (Supplement Table 3 ). Another Chi-square test was introduced
to determine the prevalence of q-ROR of A10-osteomyelitis pair before and after the approval of SGLT2i
during the same span of time, which is from Q2 of 2004 to Q4 of 2012 as serial A and from Q2 of 2013 to
Q3 of 2021 as serial B and a p value of 0.00924 was generated, and the null hypothesis was rejected.

Discussion

As shown in Figure 2 , ketoacidosis, various infection, peripheral ischemia, renal impairment, inflammation
including osteomyelitis might more likely to occur among SGLT2i users, especially canagliflozin. Our findings
suggested that SGLT2i increased the risk of these issues, or was less effective on them. SGLT2i treatment
for patients who suffered from ketoacidosis, cardiovascular issues, renal problem and inflammation was the-
refore not recommended. Osteomyelitis and cellulitis are AEs unique to canagliflozin. Since osteomyelitis is
considered to greatly increases the risk of a lower-extremity amputation [17, 18], our findings indicated that
exposure to canagliflozin could notably increase the risk of developing osteomyelitis while other A10 drugs
could reduce such a risk. On the other hand, these events could be monitored as warning prior to lower limb
extreme amputation.

Most osteomyelitis-related cases were referred to canagliflozin, indicated that there might be a strong corre-
lation between SGLT2i exposure, especially canagliflozin, and developing osteomyelitis according to FAERS
data. In this study, ROR and BCPNN method were applied to investigate association between hypoglycemic
drugs and osteomyelitis. Signals with high value of ROR were detected for canagliflozin-osteomyelitis pairs,
as well as any drug group containing canagliflozin. Since the value of ROR did not directly indicate the
significance of a signal, all positive signals were validated by BCPNN method, strong signals were generated
canagliflozin or any drug groups containing canagliflozin associated with osteomyelitis, while weak signal
was generated for insulin (A10A-osteomyelitis pair), and no signal was ever generated for other A10 drugs
or drug groups excluding canagliflozin as well as insulin. Therefore, these findings indicated that association
between canagliflozin treatment and osteomyelitis was quite convincing. Weak signal generated by insulin-
osteomyelitis pair, might be explained by the insulin exposure as well as morbidity of diabetes since insulin
treatment indicating a proxy of disease severity or disease advanced stage [26, 27], but the morbidity of dia-
betes might neither be a sufficient condition nor necessary condition for a patient with diabetes to develop
osteomyelitis. Case number of targeted drugs presented notable differences with or without filtering diabetes
as indication, and IC025 of canagliflozin-osteomyelitis pairs with the filtering was lower than without it,
which could lead to the conclusion that casting out cases without a specific indication as diabetes resulted
in dwindling the intensity of BCPNN signal.

6



P
os

te
d

on
9

N
ov

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
66

80
00

72
.2

00
41

28
2/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Among patients developed osteomyelitis, 73.50% of whom are male, while the gross gender ratio for each
category of drugs is relatively more balanced (Table 1 ). Further disproportional analysis using gender as
filtering was applied and results suggested that there was significant difference in the ROR of canagliflozin-
osteomyelitis pairs between two genders. Since the cleansing procedure according to including/excluding
criteria mention above had excluded all reports with infection know as competing indication and reaction
[29], the gender ratio as well as differences of ROR and IC025 value between male and females was possibly
due to sex differences, negative correlation might existed between glycosylated hemoglobin (HbA1c) and
serum testosterone levels [31]. As displayed by insulin-osteomyelitis pair, only the dataset of male patients
could generate a valid ROR and a weak signal of BCPNN, these findings support the hypothesis that male
patient might more likely to develop osteomyelitis. When exposure to SGT2i, and canagliflozin were the
major factor for causing disproportionality, dataset of male could generate ROR value three times larger
than female. When the signals were validated by BCPNN method, both genders generated strong signals
(IC025 7.96 for male vs. IC025 6.69 for female), which indicated that for reports of each gender, however their
difference in ROR, canagliflozin presented a strong correlation with developing osteomyelitis.

A new approach so-called quarterly ROR (q-ROR) was introduced to demonstrate the ROR developing
pattern, and the series of q-ROR generated by different drugs or drug groups was subjected to Chi-square tests
to determine their correlations statistically. Canagliflozin (wo), canagliflozin, SGLT2i and A10 demonstrates
no prevalence difference although there might be gap in the scale of ROR value (Supplement Table 2
& Figure 4 ) and supported the speculation mentioned above that the disproportionality of osteomyelitis-
related reports was generated by canagliflozin. For hypoglycemic drugs other than canagliflozin and drug
groups excluding SGLT2i, no positive signal was ever generated. These findings strongly indicated that
developing pattern of these drugs or drug groups were synchronised by the presents canagliflozin.

In pharmacovigilance study, disproportionality emerges when a specific adverse event is associated with a
given drug [32-34]. In this study, we tried this approach called q-ROR to utilize the FAERS data quarterly,
and mimicked accumulation of reports to the database in real world. Starting from a setting date, slice of
data was added to dataset in chronologically order on quarterly basis and a ROR value from the setting
date up to that quarter was calculated. A serial of RORs was generated for any given interested drug (drug
group)-AE pair. Finally, value of q-ROR achieved equilibrium approached its theoretically true value. For
those lately approved drugs with limited reports but analogs of which had been long approved, the q-ROR
curve might be used to predict its association with interested AE according to their precursors or as a
drug group, such as ertugliflozin, luseogliflozin, remogliflozin and other new SGLT2i fail to generate any
positive signal. The q-ROR value of the insulin-osteomyelitis is always above the recognition threshold and
fluctuate consistently around 1.5 and positive signal could be identified since Q1 of 2005, while series of
q-ROR referring to any drug group excluding canagliflozin and insulin went beneath the thread hold of 1,
since 2005. Coupled with the dramatic increasing reports of canagliflozin related osteomyelitis in FAERS (25
cases in 2017 vs. 1,402 cases in 2018) (Table 1 ), the q-ROR pattern of canagliflozin bounds from 3.24 in Q4
of 2017 to 79.54 in Q4 of 2018 (Supplement Table 2 ).This finding indicated that, q-ROR could be used
to monitor drug-induced ADRs unknown to premarketing trials as pharmacovigilance, when a dramatic rise
in ROR value was spotted for given drug-AE pairs, and needed to be further vilified by BCPNN method.

Diabetes was a competing risk factor of developing osteomyelitis, which occurs in approximately 10-20%
of patients with diabetes-related foot ulcers [17], and osteomyelitis of the lower extremity is a commonly
encountered problem in patients with diabetes [35]. In this study, such a data pack in FAERS was equiva-
lent to considering all hypoglycemic drugs as a drug group and filtering with diabetes as indication which
generated a signal considered to be caused by both the treatment and the morbidity. And this data pack
was also examined by quarterly ROR method (q-ROR). Chi2 test was induced to comparing q-ROR value
prior to and since canagliflozin was approved in Q1 of 2013, and a p value of 0.00924 < 0.05 indicated that
ROR developing pattern experienced a significant change, which probably due to the exposure to SGLT2i,
especially canagliflozin, since before the approval of SGLT2i, ROR serial of drug-event pair generated no
positive signal and the indication was confined as diabetes mellitus.
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Although previous publication suggested that osteomyelitis of the lower extremity is a commonly encountered
problem in patients with diabetes [35] and occurred in approximately 10-20% of patients with diabetes-related
foot ulcers [17]. According to our findings, q-ROR series of drug groups excluding canagliflozin and insulin
generates no positive signal (Supplement Table 2 & Figure 4 ). q-ROR serial of insulin presented all
its value of q-ROR ranging 1.71 ± 0.44, with median as 1.57, as well as ranging 1.53 ± 0.25, with median
as 1.45, since Q2 of 2013, when canagliflozin was approved as the first of SGLT2i, which indicated that
the morbidity of diabetes mellitus, even at a proxy of disease severity or disease advanced stage [26, 27]
might not be consider as a significant interfering factor for drug-associated osteomyelitis based on FAERS,
otherwise all drug groups filtering diabetes as indication should consequently generate ROR signals above 1.
And therefore, it strengthened the results of Chi2 test between q-ROR series, that was, canagliflozin exposure
might be the predominant cause of developing osteomyelitis for patients with or without filtering diabetes
as indication, based on FAERS database. On the contrary, other widely used SGLT2i, such as dapagliflozin
and empagliflozin might not associated with developing osteomyelitis, and for those lately approval SGLT2i
which had not accumulated enough ADR reports for disproportional analysis yet, predictions could be made
base on the q-ROR pattern as pharmacovigilance.

There are certain limitations might undermine this study. Spontaneous reporting systems including FEARS
were exposed to the biases inherent to pharmacovigilance studies. To the best of our knowledge, in 2018,
Chang, H.Y., et al. [11] had mentioned about risk of osteomyelitis when discussing about the association
between SGLT2i treatment and lower extremity amputation among patients with T2D, and osteomyelitis
of the lower extremity is a commonly encountered problem in patients with diabetes [35] and occurs in
approximately 10-20% of patients with diabetes-related foot ulcers [17]. These publications coincidently
match with a gush of osteomyelitis related ADR reports and a surge in ROR for canagliflozin-osteomyelitis
pair.

In conclusion, based on FAERS data, diabetes is a predominant risk for lower extremity amputation, and
most antidiabetic drugs demonstrated curative affects on this prognosis, while SGLT2i was less effective
on this issue. Ketoacidosis, infections, peripheral ischemia, renal impairment, inflammation might more
likely to occur among SGLT2i users, especially canagliflozin. Osteomyelitis and cellulitis are AEs unique to
canagliflozin, and therefore intensively discussed. ROR, IC025 as well as q-ROR tendency of canagliflozin-
osteomyelitis pair were significantly different from those generated by insulin-osteomyelitis pair, and there was
no positive signal for hypoglycemic drugs other than canagliflozin and insulin. Our findings strongly indicated
that canagliflozin treatment increasing the risk of developing osteomyelitis from the very early stage, prior
to the advanced stage when insulin was prescribed. It is worth investigating whether SGLT2i can result in
developing osteomyelitis also in patients without diabetes, and association between osteomyelitis and the
lately approved SGLT2i, whenever there are enough reports. Further studies are needed to characterize a
better understanding the association between SGLT2i treatment and risk of osteomyelitis.
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