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BACKGROUND | Sodium–glucose cotransporter 2
(SGLT2) inhibitors are effective for glycemic control and
have demonstrated cardiorenal beneﬁts. The U.S. Food
and Drug Administration (FDA) released a boxed warning in 2018 regarding the potential development of
Fournier’s gangrene (FG) with the use of SGLT2 inhibitors. FG is a serious perineal infection with a mortality
rate of up to 88% in some cases.
OBJECTIVES | To report spontaneous post-marketing
cases from the FDA Adverse Event Reporting System
(FAERS) database and case reports from the literature of
FG associated with the use of SGLT2 inhibitors and to
determine whether correlations exist with speciﬁc agents.
METHODS | A search of the FAERS database was conducted to identify reported cases of FG associated with the
use of any FDA-approved SGLT2 inhibitor between 1 March
2013 and 30 June 2020. Additionally, a literature search
was conducted of PubMed, Embase, and the Cochrane
library using PRISMA guidelines to identify case reports of
FG with the use of SGLT2 inhibitors up to 9 October 2020.
RESULTS | A total of 491 cases from the FAERS database
were included for review. Descriptive analysis depicted
more cases in the empagliﬂozin, canagliﬂozin, and dapa-

gliﬂozin groups than in the ertugliﬂozin group. Nine case
reports were included from the literature review; four
attributed to dapagliﬂozin, three to empagliﬂozin, and two
to canagliﬂozin. The median ages from cases reported in
the FAERS database and from the literature review were
54 and 52 years, respectively. In both datasets, males had
a higher incidence of FG than females. Additional data
reported include clinical outcomes and concomitant antihyperglycemic medications.
CONCLUSION | Consistent ﬁndings are noted in this
systematic review and warrant further investigation to
elucidate the association between SGLT2 inhibitor use
and the development of FG. These results may drive
enhanced prescribing patterns to consider patientspeciﬁc risk factors and timely monitoring, especially
as more indications are approved related to these
medications’ cardiorenal protective properties.
Sodium–glucose cotransporter 2 (SGLT2) inhibitors
are a fairly new class of medications that includes
canagliﬂozin, dapagliﬂozin, empagliﬂozin, and ertugliﬂozin. The ﬁrst SGLT2 inhibitor was approved by
the U.S. Food and Drug Administration (FDA) in
2013 for the treatment of type 2 diabetes. SGLT2
inhibitors are effective for improving glycemic control, and two (empagliﬂozin and canagliﬂozin) have
also been approved to reduce the risk for major
adverse cardiovascular events in adults with type 2
diabetes and established cardiovascular disease
(1–4). In addition, they have been found to be beneﬁcial for reducing hospitalization for heart failure and
kidney disease progression (4,5).
SGLT2 inhibitors lower blood glucose by increasing
excretion of excess glucose through the kidneys and
urine. Because of this unique mechanism, the most
commonly associated adverse effects include increased
risks of genital infections such as yeast infections and
urinary tract infections (6). Other common adverse
effects include diabetic ketoacidosis, cancer, bone fractures, and foot and leg amputations (7–11). In August
2018, the FDA issued a warning that cases of a rare but
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serious infection called Fournier’s gangrene (FG) have
been reported with SGLT2 inhibitor use, with 12 cases
identiﬁed between March 2013 (when the ﬁrst agent
was approved) and May 2018 (12).

It has been determined that FG may be a class effect of
SGLT2 inhibitors. Fadini et al. (16) published such
ﬁndings shortly after the FDA warning was issued.
Interestingly, they found 47 cases of FG reported during the same time frame as the FDA (March 2013
through May 2018). Additionally, in a review of FG
associated with SGLT2 inhibitors, 55 cases of FG were
identiﬁed between 1 March 2013 and 31 January
2019 (3). However, these reviews may have underreported cases of FG as a result of their time frame
(mostly covering the time period before the FDA
warning was issued) and because of exclusion of
reports if no surgical intervention occurred (3,16).
The purpose of this article is to report all spontaneous
post-marketing cases and case reports of SGLT2 inhibitor–related FG to determine whether there are trends
toward certain medications in the class that can indicate increased risk of FG. These ﬁndings, in addition
to the current literature, conﬁrm the importance of
prescriber vigilance when using this class of drugs
based on the possible severe genital complications
that can occur in high-risk patients.

Research Design and Methods
Health care providers, consumers, and drug manufacturers can report drug adverse events via the FDA
Adverse Event Reporting System (FAERS) (17). The
VO L UM E 40 , N U MB E R 1, W IN TE R 20 22

We conducted a comprehensive literature search in
PubMed, Embase, and the Cochrane Library Central
Register of Controlled Trials from each index’s inception year (1946, 1947, and 1991, respectively) through
9 October 2020. The search strategy used a combination of search headings and keywords to identify case
studies and case series for FG with the use of SGLT2
inhibitors. Search terms included bexaglifozin, canagliﬂozin, dapagliﬂozin, empagliﬂozin, ertugliﬂozin, glifozin, ipragliﬂozin, remogliﬂozin, SGLT 2 inhibitors,
sodium-dependent glucose transporter 2 inhibitor,
sotagliﬂozin, tofogliﬂozin, Fournier gangrene, scrotum
infection, perineum infection, perineal, gangrene,
gangrenous, and necrosis.
Review of the cases within the FAERS database and
review of the literature utilizing Rayyan, a systematic review web application, was completed by two
independent reviewers (19). In instances where
there were disagreements with case selections or
article selection between the two reviewers, a third
reviewer was available to make the ﬁnal decision.
The full search strategy of PubMed, Embase, and the
Cochrane library is provided in the Supplemental
Materials.
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FG is a bacterial infection of the tissue under the skin
that surrounds the muscles, nerves, fat, and blood vessels of the perineum. It has an acute onset with rapid
progression and is considered a urologic emergency.
FG most commonly affects men but can also occur in
women. The mainstay of therapy for FG includes treatment with broad-spectrum antibiotics and invasive
surgical debridement (13). Early diagnosis and initiation of treatment is crucial, as mortality rates average
20–40% and have been as high as 88% in some instances, despite advanced management (13,14). Comorbidities are an important factor in determining
mortality in patients with FG. A systematic review and
meta-analysis by El-Qushayri et al. (15) indicated that
higher mortality rates were detected in people with
diabetes, heart disease, renal failure, and kidney disease. Within this meta-analysis, sepsis was the most
common cause of death, followed by multiple organ
failure.

public can access and search this database through
the FAERS online dashboard (18) for information
about adverse events associated with a given drug.
We conducted a search of the FAERS database for
reported cases of FG associated with the use of any
of the four FDA-approved SGLT2 inhibitors (canagliﬂozin, dapagliﬂozin, empagliﬂozin, and ertugliﬂozin) between 1 March 2013 (the date the ﬁrst SGLT2
inhibitor, canagliﬂozin, was approved in the United
States) and 30 June 2020. To identify FG cases
within the database, we used the reaction search
term “Fournier’s gangrene” for each SGLT2 inhibitor,
including generic and brand name (canagliﬂozin
[Invokana], dapagliﬂozin [Farxiga], empagliﬂozin
[Jardiance], and ertugliﬂozin [Steglatro]). Cases
were excluded if the suspected product description
included an agent that was not an SGLT2 inhibitor
or a combination drug (i.e., SGLT2 inhibitor 1
biguanide or SGLT2 inhibitor 1 dipeptidyl peptidase
4 [DPP-4] inhibitor), they were duplicate reports, or
they were already reported in the literature. Combination products were excluded because we would be
unable to determine whether FG was the result of
the SGLT2 inhibitor component alone or whether the
second agent could have contributed to this adverse
effect.
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Statistical Analysis
No tests of statistical signiﬁcance were performed in
this review. All case descriptive data were compiled in
Microsoft Excel 2010 for reporting.

Results

The characteristics of the reported cases are presented
in Table 1. Further review of the data showed that the
median age of the patients was 54 years (range 28–87
years); 291 cases involved males, 167 involved females,
and 33 did not report patient sex. Regarding outcomes,

A systematic review of the literature for case reports of
FG associated with the use of SGLT2 inhibitors resulted
in 1,203 articles, of which nine were identiﬁed as case
reports of FG associated with the use of an SGLT2 inhibitor (Figure 2) (20–28). Characteristics of the nine case
reports are presented in Table 2. Of the nine cases
included for review, two were associated with canagliﬂozin use, four with dapagliﬂozin use, and three with
empagliﬂozin use. The median age of patients was 52
years (range 34–72 years). Our study yielded similar
ﬁndings, with 65–75% of patients who developed FG
being male, with ages ranging between the ﬁfth and
sixth decades of life. The majority of cases in the literature were male (eight of the nine cases). With regard to
the clinical course, patients in all cases reported scrotal
swelling or pain in the testicles, groin, or gluteal region.
All patients had to be admitted to the inpatient setting
and required surgical incision, drainage, and/or
debridement. Broad spectrum antibiotics were empirically initiated and streamlined based on culture and
sensitivity results. Lengths of stay varied between 12

570 paent cases idenﬁed
within the FAERS database

79 cases were excluded
• 56 involved agents that were not SGLT2 inhibitors or
used SGLT2 inhibitor combinaon products
• 13 had already been reported within the literature
• 10 were duplicate cases

491 cases were included for review
• 162 with canagliﬂozin
• 101 with dapagliﬂozin
• 223 with empagliﬂozin
• 5 with ertugliﬂozin

FIGURE 1 Cases from FAERS database meeting inclusion criteria for review.
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We identiﬁed 570 cases of FG associated with SGLT2
inhibitor use within the FAERS database. After excluding cases of SGLT2 inhibitors combined with other antidiabetic therapy (n = 56), duplicate cases (n = 10),
and cases already reported in the literature (n = 13),
491 cases were included for review (Figure 1). Of the
491 cases included for review, 162 were reported with
canagliﬂozin, 101 cases with dapagliﬂozin, 223 cases with
empagliﬂozin, and 5 cases with ertugliﬂozin. The low
number of cases associated with ertugliﬂozin may be
attributed to the fact that it was a latecomer to the U.S.
market, having been approved by the FDA in 2017 (8).
Although results from the FAERS database depict a higher
incidence of FG associated with empagliﬂozin, correlations regarding differences among the SGLT2 inhibitors
remain inconclusive because of unknown prescribing patterns and unreliability of FAERS data. Further prospective
studies with appropriate patient randomization are warranted to establish such correlations.

281 were hospitalized, 21 died, and no data point was
provided for 188 cases. Concomitant medication use
was also reviewed and showed that patients were taking a wide array of antihyperglycemic medications,
including biguanides (n = 26), sulfonylureas (n = 1),
incretin mimetics (n = 2), DPP-4 inhibitors (n = 2),
pioglitazone (n = 1), insulin (n = 23), or a combination
of antiglycemic drugs (n = 106). In 329 cases, concomitant drugs used were not reported (n = 313) or none
were used (n = 16).
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TABLE 1 Characteristics of Cases Identiﬁed in FAERS Database (n = 491)
Canagliflozin, n

Dapagliflozin, n

Empagliflozin, n

Ertugliflozin, n

Total, n (%)

Number of cases

162

101

223

5

491 (100)

Sex
Male
Female
Not speciﬁed

121
35
6

20
77
4

145
55
23

5
0
0

291 (59)
167 (34)
33 (7)

Age, years
20–29
30–39
40–49
50–59
60–69
70–79
80–89
Not speciﬁed

0
12
38
45
38
12
0
17

1
7
13
24
21
5
0
30

0
6
19
49
55
19
6
69

0
0
1
2
0
0
0
2

1 (<1)
25 (5)
71 (14)
120 (24)
114 (23)
36 (7)
6 (1)
118 (24)

Outcomes
Hospitalized
Died
Not speciﬁed

109
5
48

26
4
71

143
12
68

4
—
1

282 (57)
21 (4)
188 (38)

Concomitant antihyperglycemics
Biguanides
Sulfonylureas
Incretin mimetics
DPP-4 inhibitors
Pioglitazone
Insulin
Combination*
None
Not reported

5
0
1
0
1
2
6
2
145

10
1
0
1
0
7
28
6
48

11
0
1
1
0
13
71
8
117

0
0
0
0
0
1
1
0
3

26 (5)
1 (<1)
2 (<1)
2 (<1)
1 (<1)
23 (5)
106 (22)
16 (3)
314 (64)

*Combination indicates more than one antihyperglycemic agent was used in combination with the reported SGLT2 inhibitor.

days and 9 weeks, when longer duration of treatment
was required either because of prolonged use of antibiotics or other clinical complications. Clinical courses
were most often complicated by sepsis, uncontrolled
diabetes requiring insulin management, multiple surgical re-explorations with further debridement, or prolonged intravenous antibiotics use (20–28).
The time to the development of FG with the use of
SGLT2 inhibitors ranged from 10 days (23) to 6 years
(26), suggesting that other comorbidities and risk factors played a role in the development of FG. A1C levels
were reported in six of the nine cases, with a range of
6.5–11.2%. All patients were diagnosed with type 2 diabetes, were on at least one other antihyperglycemic
medication, and were hospitalized with no deaths
reported. In one instance, a patient reported an episode of thrush approximately 7 months after initiation
of empagliﬂozin, for which the patient did not seek
medical attention but instead self-treated with overthe-counter antifungals (20). However, the patient
VO L UM E 40 , N U MB E R 1, W IN TE R 20 22

described having multiple subsequent episodes of
thrush with continued use of empagliﬂozin. After 14
months on therapy, the patient developed scrotal
swelling and pain, which prompted a doctor visit and
subsequently led to a diagnosis of FG requiring emergency debridement and exploration (20). BMI was
reported for six of the nine case reports. Of the six
cases with BMI, ﬁve were classiﬁed as obese, with BMI
ranging from 33 to 62 kg/m2, which is consistent with
the ﬁnding of obesity as a risk factor for the development of FG (20,22–25,28). Smoking, also a risk factor
for FG, was identiﬁed in three of the nine cases
(20,24,25).

Discussion
Our search, which included data from the FAERS database and an independent literature search, identiﬁed
500 cases of FG associated with the use of an SGLT2
inhibitor. Diabetes is one of the most common risk factors for development of FG, along with obesity, chronic
81
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Arcles idenﬁed in literature search:
PubMed (n = 436)
Embase (n = 1,073)
Cochrane library (n = 286)

Duplicate arcles idenﬁed in EndNote X9
(n = 592)

Arcles screened on basis of tle and
abstract (n = 1,203)

ELIGIBILITY
INCLUDED

Full-text arcles reviewed for eligibility
(n = 9)

Arcles included for review
(n = 9)

FIGURE 2 Case reports from literature search meeting inclusion criteria for review.

renal failure, cirrhosis, and impaired host defense (e.g.,
malignancy or AIDS). When coupled with local trauma
such as perineal surgery, periurethral urine leak, or
other iatrogenic causes, there is a higher susceptibility
for development of FG, especially among males and
older patients (29,30).
An analysis by Sorensen et al. (31) of 25 million
patients from the State Inpatient Database using International Classiﬁcation of Diseases, 9th revision, diagnostic codes revealed that, of those with FG, only 2%
(391,641) were female (31,32). In contrast, an analysis
by Kim et al. (33) of patient data from the American
College of Surgeons National Surgical Quality Improvement Program between 2005 to 2009 identiﬁed 636
patients with surgery for FG using the Current Procedural Terminology codes, of which 43.4% were female
(276 of 636) (32,33). The difference in male:female
ratio may lie in how FG is diagnosed in females rather
than FG being more common in males.
The infection is typically polymicrobial, involving
both aerobic and anaerobic bacteria, requiring broad
spectrum antimicrobial coverage with prolonged
treatment and surgical intervention (30,34). Commonly isolated pathogens included Bacteroides
82

species, Escherichia coli, Staphyloccocus aureus, Pseudomonas aeruginosa, Streptococcus species, and Prevotella species, with increasing incidence of methicillinresistant Staphyloccocus aureus (MRSA) (34).
Although the exact mechanism for development of FG
has not been elucidated, the mechanism of action of
the drug class may contribute to its development.
SGLT2 inhibitors facilitate glucosuria by excretion of
glucose from the proximal convoluted tubule, thereby
preventing reabsorption of glucose (35). Patients with
type 2 diabetes are generally at a higher risk for urinary tract infections and nonsexually transmitted genital infections because of elevated glucose levels in the
urine. This risk may be further increased pharmacologically by the additional urinary glucose excretion
brought on by SGLT2 inhibitors (6).
In addition to their glucose-lowering effects, SGLT2
inhibitors have demonstrated many other beneﬁts,
including prevention of microvascular and macrovascular complications associated with uncontrolled diabetes,
weight loss, reduction of microalbuminuria and other
renoprotective effects, and pleiotropic cardiovascular
effects leading to reduced cardiac and arterial remodeling and blood pressure and improved outcomes in heart
failure (36,37). The ﬁrst drug in its class to gain FDA
D IA B E TE SJ OUR N A L S.OR G/ C L IN IC A L
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Arcles excluded as tle and/or abstract
not relevant (n = 1,194)
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TABLE 2 Summary of Case Reports Included for Review (n = 9)
Article

Sex

Age,
years

A1C, %

Time to
Development
of FG

Concomitant Drugs

Kumar et al., 2017 (20)

Empagliﬂozin

M

42

11.2

14 months

Metformin

Omer et al., 2018 (21)

Dapagliﬂozin

M

60

—

5 months

Glicazide, metformin

Onder et al., 2019 (22)

Dapagliﬂozin

M

64

7.4

6 months

Insulin, metformin,
vildagliptin

Elshimy et al., 2019 (23)

Empagliﬂozin

M

57

—

10 days

Glipizide, linagliptin,
metformin

Nagano et al., 2019 (24)

Empagliﬂozin

M

34

6.5

142 days

Glibenclamide, sitagliptin

Rodler et al., 2019 (25)

Dapagliﬂozin

M

39

—

4 years

Amlodipine, levothyroxine,
metformin, sitagliptin,
valsartan

Elbeddini et al., 2020 (26)

Canagliﬂozin

M

72

7.5

6 years

Glargine, metformin,
sitagliptin

Garcıa-Garcıa et al., 2020
(27)

Dapagliﬂozin

M

68

7.8

2–3 years

Glargine, metformin,
sitagliptin

Kasbawala et al., 2020 (28)

Canagliﬂozin

F

37

9.8

1 months

Cetirizine, citalopram,
levothyroxine, lisinopril,
metformin, pantoprazole,
pravastatin, sitagliptin,
trazodone, valacyclovir

The diagnosis in all case reports was type 2 diabetes, and the outcome was hospitalization. F, female; M, male.

approval for reduced risk of cardiovascular death and
hospitalization for heart failure in 2019, dapagliﬂozin
led the way for expanded indications (1). In response to
the EMPA-REG OUTCOME (BI 10773 [Empagliﬂozin]
Cardiovascular Outcome Event Trial in Type 2 Diabetes
Mellitus Patients) study, in which empaglifozin demonstrated reduced death from cardiovascular causes, the
FDA granted it fast-track designation for additional
indications (1). For this reason, increased use of
certain SGLT2 inhibitors may also correlate with a
rise in reports of the FG side effect (36,37). Until
further research on each SGLT2 inhibitor agent is
conducted, the correlation remains as a likely class
effect.
Although it is unknown whether kidney dysfunction is a
risk factor for development of FG, renal failure and kidney disease are associated with increased mortality
from FG (15). Regarding SGLT2 inhibitors’ effects on
renal function, both empagliﬂozin and canagliﬂozin
have been shown to preserve renal function compared
with placebo (1,2). Consistent with the SGLT2 inhibitor
VO L UM E 40 , N U MB E R 1, W IN TE R 20 22

pharmacodynamic class effect, ertugliﬂozin initially
demonstrated reduced eGFR, followed by return to
baseline values after continued therapy (38). Because
of a lack of data, future studies are needed to assess the
association between kidney function and FG with
SGLT2 inhibitor use.
Strengths to this review of the literature for case reports
of FG associated with SGLT2 inhibitors include the
independent and systematic review of the literature
using Rayyan software. Previous studies have reported
a low number of FG cases within the FAERS database,
indicating a potential under reporting of cases based on
inclusion/exclusion criteria (3). Our review, with limitations, supports previous ﬁndings that there is potential of underreporting. The mention of FG in diagnosis
is likely to indicate a true case, as it is such a rare and
specialized disease, with reported overall occurrence in
1.6–3.3 of 100,000 patients annually in the United
States and an increased risk (three times) in patients
with diabetes (12,15,31,39,40). Furthermore, the nine
case reports identiﬁed from the literature search are
83
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more than have been identiﬁed in any other article to
our knowledge.

Other considerations should be taken into account in
evaluating the correlation between SGLT2 inhibitor use
and development of FG. The addition of an SGLT2
inhibitor to the standard of care therapy for type 2 diabetes (such as metformin) alludes to the patient having
uncontrolled diabetes or other comorbidities. It remains
unclear, however, whether this may be a direct correlation, since patients who are not taking an SGLT2 inhibitor are not necessarily at a signiﬁcantly higher risk for
development of FG. Patients’ underlying risk factors for
FG should be carefully considered before initiation of
an SGLT2 inhibitor. The number of cases identiﬁed
from the FAERS database is consistent with ﬁndings
reported by Hu et al. (41), reafﬁrming our concerns of
underreporting in the literature. These concerns warrant further investigation.

Conclusion
With recent data to support the use of SGLT2 inhibitors
for cardiorenal protective effects, we can expect a signiﬁcant increase in their use by clinicians, not only in
patients with type 2 diabetes, but also in some patients
without diabetes. The data presented provide clinicians
more evidence regarding the need to be vigilant in prescribing this drug class and its potential to lead to
severe genital adverse effects such as FG. Comorbidities
such as diabetes play a pivotal role in the survival of
84
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