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ABSTRACT

Introduction: Based on post-marketing surveil-
lance, concern has been raised that sodium–
glucose cotransporter 2 inhibitors (SGLT2i) may
increase the risk of necrotizing fasciitis of the
perineum (Fournier’s gangrene, FG). As a result of
the low incidence of FG, data from clinical trials
may be insufficient to robustly assess this issue
because of the relatively limited numbers of
participants. Real-world evidence may help clar-
ify the association between SGLT2i and FG in the
type 2 diabetes (T2D) population.
Methods: A nested case–control study was per-
formed using Truven Health MarketScanTM

databases. Each patient with T2D hospitalized
for FG between 1 April 2013 (when the first

SGLT2i was available) and 31 March 2018 (latest
available data) was matched (on the basis of sex,
age, and cohort entry date) with six controls
from the same cohort. The adjusted odds ratio
(OR) of hospitalization for FG was estimated for
patients receiving SGLT2i compared with those
receiving two or more non-SGLT2i antihyper-
glycemic agents (AHAs) or insulin alone using
conditional logistic regression.
Results: The cohort included 1,897,935
patients, with 216 hospitalized for FG (inci-
dence rate, 5.2 events per 100,000 person-
years). Patients with FG ranged from 23 to
79 years of age; 201 (93.1%) were men. Among
the 216 FG cases, 9 (4.2%) were current SGLT2i
users; among the 1296 matched controls, 100
(7.7%) were current SGLT2i users. Approxi-
mately 93% of SGLT2i were used in combina-
tion. The adjusted OR of FG in patients treated
with SGLT2i compared with patients treated
with two or more non-SGLT2i AHAs or insulin
alone was 0.55 [95% CI 0.25–1.18].
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Conclusion: The study did not find that treat-
ment with SGLT2i, as compared with treatment
with two or more non-SGLT2i AHAs or insulin
alone, was statistically significantly associated
with an increased risk of hospitalization for FG.
Additional studies are needed to corroborate the
findings.

Keywords: Antihyperglycemic agents;
Fournier’s gangrene; Nested case–control
study; Sodium–glucose cotransporter 2
inhibitors (SGLT2i); Type 2 diabetes

Key Summary Points

Why carry out this study?

Based on post-marketing surveillance,
concern has been raised by regulatory
authorities that sodium–glucose
cotransporter 2 inhibitors (SGLT2i) may
increase the risk of necrotizing fasciitis of
the perineum (Fournier’s gangrene; FG), a
rare but serious and life-threatening
necrotizing infection requiring urgent
surgical intervention.

Completed cardiovascular outcome trials
(CVOTs) and renal outcome studies for
members of the SGLT2i class may be
insufficient to robustly assess this issue
because of the low incidence of FG and
relatively limited numbers of participants.

The nested case–control study was
designed to assess whether the use of
SGLT2i was associated with an increased
risk of hospitalization for FG, as compared
with non-SGLT2i antihyperglycemic
agents (AHA) in a real-world setting.

What was learned from the study?

The study did not find that treatment with
SGLT2i, as compared with treatment with
two or more non-SGLT2i AHAs or insulin
alone, was statistically significantly
associated with an increased risk of
hospitalization for FG (adjusted OR 0.55
[95% CI 0.25–1.18]).

Although additional studies are needed to
corroborate the findings, the results of the
rigorous epidemiologic study are expected
to provide additional context to clinicians
who prescribe SGLT2 inhibitors.

INTRODUCTION

In 2018, on the basis of post-marketing adverse
effects surveillance data, the European Medici-
nes Agency (EMA) and the US Food and Drug
Administration (FDA) mandated updates to the
prescribing information of all members of the
sodium–glucose cotransporter 2 inhibitor
(SGLT2i) drug class, indicating that cases of
Fournier’s gangrene (FG) have been reported
with the use of this class of antihyperglycemic
agent (AHA) in patients with diabetes [1, 2].

FG is a rapidly progressing, necrotizing
infection of the soft tissue and fascia of the
perineum and genital region that requires
emergency surgical intervention to debride
necrotic tissue [3, 4]. The infection is usually a
synergistic polymicrobial infection, involving
both aerobic and anaerobic bacteria, and treat-
ment with broad-spectrum antibiotics is a key
component of therapy [5, 6]. Later care involves
surgical reconstruction of the defects intro-
duced by debridement [7].

Diabetes is the most common predisposing
factor for FG; however, underlying disorders
such as chronic alcoholism, renal failure, liver
cirrhosis, and obesity have also been identified
as risk factors [8–10]. Possible etiologies include
cutaneous, anorectal, urogenital, and retroperi-
toneal causes and iatrogenic or self-inflicted
trauma, among others [10, 11]. Male sex, the
extremes of age (very young and old), and
immunocompromised individuals are at
increased risk of FG compared with other pop-
ulations [8, 12]. Reported mortality rates range
from 3% to 45%, with factors such as underly-
ing comorbidities, the source of infection, and
the presence of severe illness or sepsis at the
time of initial evaluation affecting this outcome
[8].
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Published literature describing the occur-
rence of FG in men and women is limited. It has
been reported that FG occurs in 1.6 out of
100,000 men annually in the USA, and most
frequently occurs in men aged 50–79 years (3.3
out of 100,000) [3]. The incidence of FG in
women is extremely low, with 39 cases of FG
identified from the 15.1 million women in the
US State Inpatient Databases (SID, the largest US
hospital care dataset) [3]. In the cardiovascular
outcome trial (CVOT) for the SGLT2i dapagli-
flozin (DECLARE-TIMI 58), which included
17,160 participants with type 2 diabetes (T2D),
six cases of FG were reported, one in the dapa-
gliflozin group and five in the placebo group
[13]. In the CVOTs for the SGLT2i empagliflozin
(EMPA-REG) [14] and canagliflozin (CANVAS
program) [15] and the canagliflozin renal out-
come study (CREDENCE) [16], which together
included a total 21,563 participants, no cases of
FG were reported. However, as a result of the
low incidence of FG, data from these and other
ongoing SGLT2i trials may be insufficient to
robustly assess this issue because of the rela-
tively limited numbers of participants.

In the 6 years from March 2013 to January
2019, the FDA Adverse Event Reporting System
(FAERS) and the medical literature identified a
total of 55 cases of FG in patients taking an
SGLT2i, compared with 19 cases of FG in
35 years in patients taking other (non-SGLT2i)
AHAs [2, 17]. However, FAERS data are limited,
confounded by other risk factors, and subject to
limitations based on spontaneous reporting.

Two recently published retrospective cohort
studies compared the risk of hospitalization of
FG in patients with T2D treated with SGLT2i to
similar patients treated with other second-line
AHAs using US claims databases [18, 19]. Dave
et al. assessed the association of the risk of
hospitalization for FG with initiation of SGLT2i
treatment among men with T2D using three US
databases. Among 138,158 SGLT2i users, there
were 13 FG cases compared with 24 cases among
360,685 dipeptidyl peptidase 4 inhibitor
(DPP4i) users, corresponding to an adjusted
hazard ratio of 1.73 [95% confidence interval
(CI), 0.87–3.42] [18]. Petruski-Ivleva et al. used
administrative claims data from a single US
database and found that the unadjusted rate

ratio for FG in patients initiating SGLT2i com-
pared to other antidiabetic medication was 0.62
(95% CI 0.08–4.47) [19].

Further studies are warranted to clarify the
association between SGLT2i and FG in the T2D
population. The study reported here was
designed to assess whether the use of SGLT2i
was associated with an increased risk of hospi-
talization for FG compared with other AHAs in a
real-world setting.

METHODS

Study Design and Participants

A nested case–control study was conducted
within a population-based cohort identified
from two US administrative claims databases:
(1) Truven Health MarketScanTM Commercial
Claims and Encounters Database (CCAE), a
medical and drug insurance claims database of
active employees, early retirees, and their
dependents insured by employer-sponsored
plans; and (2) Truven Health MarketScanTM

Medicare Supplemental and Coordination of
Benefits Database (MDCR), an administrative
health claims database for Medicare-eligible
active and retired employees and their Medi-
care-eligible dependents from employer-spon-
sored supplemental plans.

Study Population

All patients in the databases who were pre-
scribed at least one AHA between April 1, 2013
(when the first SGLT2i—canagliflozin—was
available in the USA) and March 31, 2018 (latest
available data) and had at least one claim of
T2D diagnosis during the study period were
identified. Cohort entry date was defined as the
date of the first prescription claim for an AHA
during the study period. The AHAs considered
at cohort entry were metformin, sulfonylureas
(SU), thiazolidinediones (TZD), acarbose,
meglitinides, DPP4i, glucagon-like peptide 1
(GLP-1) receptor agonists, SGLT2i, and insulin.
The cohort was restricted to patients at least
18 years of age at the time of cohort entry who
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were continuously enrolled in the health plan
for at least 6 months before cohort entry.
Patients with a diagnosis of human immunod-
eficiency virus (HIV) infection or FG before
study cohort entry were excluded. Patients with
a principal diagnosis of type 1 diabetes, women
with a diagnosis of gestational diabetes, and
those with a principal diagnosis of polycystic
ovary syndrome (for whom metformin can be
prescribed) were also excluded.

Patients enrolled in the study cohort were
followed from the date of cohort entry until an
FG event (defined below) occurred, death,
unenrollment from the health plan, or the end
of the study period, whichever occurred first.

Case–Control Selection

Because of the complex time-dependent nature
of AHA exposure, the large size of the cohort,
and the low incidence of FG, a case–control
design nested within the cohort was used. A
case of FG was defined as the first hospitaliza-
tion for FG, defined by the codes described
below.

FG cases that occurred after October 1, 2015
were defined using the International Classifica-
tion of Diseases, 10th Revision, Clinical Modi-
fication (ICD-10-CM) codes, as these codes were
fully implemented in the databases by this time.
FG in men was identified by inpatient claims
containing ICD-10-CM diagnosis code N49.3
(Fournier gangrene) as a primary diagnosis.
There is no FG diagnosis code for women. The
ICD-10-CM code for FG in women is listed
under N76.89 (Other specified inflammation of
vagina and vulva). Because early debridement is
essential [20, 21], to help identify female cases
more accurately, we searched for patients with a
primary ICD-10-CM diagnosis code of N76.89
who also have a Current Procedural Terminol-
ogy (CPT) code indicating genital or perineal
debridement in the anatomic area(s) of interest
(Table 1). As ICD-10-CM has a designated diag-
nosis code that specifically defines FG in men,
the CPT codes were not required to further
confirm FG cases in male patients.

FG cases that occurred before October 1,
2015 were defined using the International

Classification of Diseases, 9th Revision, Clinical
Modification (ICD-9-CM) code. Male cases of FG
were identified by hospitalization claims con-
taining ICD-9-CM code 608.83 (Vascular disor-
ders of male genital organs) as a primary
diagnosis. To identify female cases, we searched
for patients with inpatient claims containing
ICD-9-CM diagnosis codes for gangrene (785.4)
and either abscess of Bartholin’s gland (616.3)
or vulvar abscess (616.4). Because there were no
designated ICD-9-CM diagnosis codes for either
male or female FG, all cases were required to
have had a genital or perineal debridement
defined by ICD-9 procedure codes or CPT codes
listed in Table 1. A similar strategy was used in
the observational study describing the inci-
dence rate of FG in the US State Inpatient
Databases (SID) [3].

For each hospitalization for FG occurring
during the study, the date of the FG diagnosis
was used to define the index date. Controls were
selected from the case’s risk set, which con-
tained the cohort members being followed who
did not have a diagnosis of FG at the index date.
As increasing the number of controls improves
the power of the study, six controls were ran-
domly selected for each FG case patient and

Table 1 CPT codes and ICD-9-PCS procedure codes for
debridement

Code Description

CPT codes

11004 Debridement of skin, subcutaneous tissue,

muscle, and fascia for necrotizing soft tissue

infection; external genitalia and perineum

11006 Debridement of skin, subcutaneous tissue,

muscle, and fascia for necrotizing soft tissue

infection; external genitalia, perineum, and

abdominal wall, with or without fascial closure

ICD-9-PCS procedure codes

8622 Excisional debridement of wound, infection, or

burn

CPT Current Procedural Terminology, ICD-9-PCS
International Classification of Diseases, 9th Revision,
Procedure Coding System
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matched on the basis of sex, age (± 5 years), and
date of study cohort entry (± 90 days) [22].
Control patients were assigned the same index
date as the case patient to whom they were
matched. Each case patient and the six matched
controls constituted a risk stratum.

Exposure Assessment

Current AHA exposure for each patient in this
study was determined by existence of AHA
prescription claims whose days of supply plus a
30-day grace period included the index date.
Days of supply was considered as evidence of
the period in which a patient was covered for
the dispensed medication in pharmacy claims
[23]. Since most oral AHA prescriptions are
supplied for 90 days, a 30-day grace period was
selected to account for non-adherence and a
potential delay in effect. In the event of late
refills, dispensing with a gap shorter than the
30-day grace period was considered persistent
exposure to a drug. The 30-day grace period was
also added to the end of last refill to account for
potential medication overstock or residual bio-
logic effect. For both cases and controls, current
exposure was hierarchically classified into the
following three mutually exclusive categories:
SGLT2i with or without any other AHAs (in-
cluding insulin); two or more non-SGLT2i AHAs
or insulin alone; and single AHAs excluding
insulin or no current exposure. Since SGLT2i are
considered second/third-line treatments for
T2D according to the clinical guidance [24, 25],
the odds ratio (OR) of hospitalization for FG in
current users of SGLT2i was estimated by com-
parison with a reference group of patients using
‘‘two or more non-SGLT2i AHAs or insulin
alone’’.

Statistical Analysis

Descriptive statistics were used to summarize
the characteristics of the cases and matched
controls. Unadjusted incidence rates of FG were
calculated, and a nested case–control analysis
was performed to assess the association between
the use of SGLT2i and the incidence of FG
hospitalization. A nested case–control analysis

was used because it is computationally more
efficient than a full cohort approach using a
survival analysis, while producing ORs that are
unbiased estimators of incidence rate ratios
with little or no loss in precision [26, 27].

Conditional logistic regression was used to
estimate ORs and corresponding 95% CIs for
the association between SGLT2i use and the risk
of hospitalization for FG compared with use of
other AHAs. In addition to conditioning the
models on sex, age, and date of study cohort
entry, upon which all FG cases and controls
were matched, the models were adjusted for
several potential confounders measured in the
6 months prior to the index date, including pre-
existing comorbidities and diabetic complica-
tions, insulin use (a proxy for diabetes severity),
Charlson comorbidity index (CCI, a commonly
used summary measure for assessing morbidity)
[28], and number of hospitalizations and num-
ber of unique non-diabetic drugs (two proxies of
overall health). A secondary analysis was con-
ducted to assess the association between SGLT2i
use and the risk of hospitalization for FG sepa-
rately in men and women. To assess the
robustness of the results, three sensitivity anal-
yses were performed. First, to minimize the
potential impact of misclassification of hospi-
talization for FG resulting from using less
specific ICD-9-CM coding, we repeated the pri-
mary analysis including only male FG cases
identified after October 1, 2015, when ICD-10-
CM codes were fully implemented in the data-
bases. The second sensitivity analysis removed
the 30-day grace period from the definition of
current AHA exposure. The third sensitivity
analysis compared patients receiving SGLT2i in
combination with other AHAs to those treated
with two or more non-SGLT2i AHAs to mini-
mize the potential bias induced by differences
among population who received SGLT2i or
insulin as monotherapy.

To examine the potential effects of model
over-fit for a small sample size, an additional
post hoc sensitivity analysis was conducted
using the reduced model that only adjusted
baseline insulin use, prior hospitalization, obe-
sity, and CCI—a summary comorbidity
measure.
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All analyses were done with SAS version 9.4
(SAS Institute, Cary, NC).

Compliance with Ethics Guidelines

The database used in this study was a Health
Insurance Portability and Accountability Act of
1996 (US) (HIPAA) compliant database using de-
identified patient data and the study was
therefore exempt from ethical approval.

RESULTS

Study Population

The cohort consisted of 1,897,935 patients
(Fig. 1), among whom 216 had been hospital-
ized for FG during 4,163,536 person-years of
follow-up (crude incidence rate, 5.2 events per
100,000 person-years). Among the 1,005,561
male patients in the cohort, 201 had been hos-
pitalized for FG (crude incidence rate, 9.2 events
per 100,000 person-years). Among the 892,374
female patients in the cohort, 15 had been
hospitalized for FG (crude incidence rate, 0.8
events per 100,000 person-years).

The baseline characteristics of the 216 FG
cases and 1296 matched controls (non-FG cases)
are shown in Table 2. As a result of matching,
cases and controls had the same distribution in
terms of sex, age, calendar year of study entry,
and duration of follow-up; approximately 93%
of patients were male, mean age was 56 years,
and mean duration of follow-up was 2.1 years.

At the index date of FG diagnosis, FG cases
had a higher prevalence of obesity than mat-
ched controls (28.7% vs. 15.0%). The preva-
lence of insulin use was also higher among FG
cases than among matched controls (38.9% vs.
17.6%). Compared with matched controls, FG
cases had a higher prevalence of cardiovascular
diseases, including coronary heart disease,
coronary heart failure, and peripheral artery
disease. Similarly, the prevalence of diabetes-
related complications (diabetic ketoacidosis,
diabetic nephropathy, diabetic neuropathy, and
diabetic retinopathy) was also higher among FG
cases than among matched controls.

Additionally, FG cases were more likely to be
hospitalized within 6 months prior to the event
(index date) than were matched controls prior
to that date (24.5% vs. 5.5%).

SGLT2i and Hospitalization for FG

Table 3 summarizes current exposure to AHAs
(as defined in ‘‘Methods’’) among 216 FG cases
and 1296 matched controls in the three mutu-
ally exclusive categories of drug exposure. At
the index date, 4.2% of FG cases used SGLT2i,
44.9% used two or more non-SGLT2i AHAs or
insulin alone, and 50.9% used AHA monother-
apy excluding insulin or were without current
exposure; corresponding values for controls
were 7.7%, 36.6%, and 55.7%, respectively.
Approximately 93% of SGLT2i users were in
combination with other AHAs or insulin (7/9
SGLT2i users among FG cases and 94/100
SGLT2i users among controls). The adjusted OR
of FG in patients treated with SGLT2i compared
to patients treated with two or more non-
SGLT2i AHAs or insulin alone was 0.55 [95% CI
0.25–1.18], after adjusting for multiple con-
founding factors (Table 4).

Similar results were obtained when the study
cohort was stratified by sex. Among the 201
male FG cases, 8 (4.0%) were current SGLT2i
users, and among the 1206 matched controls,
85 (7.1%) were current SGLT2i users (Table 3).
The adjusted OR of hospitalization for FG in
current users of SGLT2i compared to users of
two or more non-SGLT2i AHAs or insulin alone
was 0.63 (95% CI 0.28–1.42) in male patients
with T2D, after adjusting for multiple con-
founding factors (Table 4).

Fifteen women with T2D met the case defi-
nition for FG. Among those, only one used an
SGLT2i at the index date. Among the 90 mat-
ched controls, 15 (16.7%) were current SGLT2i
users (Table 3). As a result of the low yield, only
descriptive analysis was conducted for female
FG cases.

Sensitivity Analyses

Sensitivity analyses gave results that were con-
sistent with those of the primary analyses.
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Similar results were observed with respect to the
risk of hospitalization for FG among patients
with T2D when a sensitivity analysis was con-
ducted by removing the 30-day grace period
from the definition of current AHA exposure
(adjusted OR in users of SGLT2i vs. users of two
or more non-SGLT2i AHAs or insulin alone,
0.56; 95% CI 0.24–1.32). The results were also
similar when only male FG cases identified after
October 1, 2015, when ICD-10-CM codes were
fully implemented in the databases and specif-
ically captured a diagnosis of FG, were included
(adjusted OR in users of SGLT2i vs. users of two
or more non-SGLT2i AHAs or insulin alone,

0.84; 95% CI 0.35–2.02). Furthermore, the
adjusted OR in users of SGLT2i in combination
with other AHAs vs. users of two or more non-
SGLT2i AHAs was 0.48 (95% CI 0.20–1.14) when
patients who received SGLT2i or insulin as
monotherapy were excluded from the primary
analysis (Table 4).

The post hoc analysis using a reduced con-
ditional logistic regression model produced
results that were also consistent with the pri-
mary analysis (adjusted OR in users of SGLT2i
vs. users of two or more non-SGLT2i AHAs or
insulin alone, 0.56; 95% CI 0.26–1.20).

Fig. 1 Flowchart of patient selection

Diabetes Ther (2020) 11:711–723 717



DISCUSSION

This observational study examined the effect of
SGLT2i on the risk of hospitalization for FG
among patients with T2D seen in routine clin-
ical practice. The study did not find that treat-
ment with SGLT2i, as compared with treatment
with two or more non-SGLT2i AHAs or insulin
alone, was statistically significantly associated
with an increased risk of hospitalization for FG
(adjusted OR = 0.55; 95% CI 0.25–1.18). Similar
results were obtained when male and female
patients were analyzed separately, and the
results were supported by all sensitivity
analyses.

The findings of this study are consistent with
the evidence from the prospective, randomized,
placebo-controlled DECLARE-TIMI 58 trial,
which found no association between dapagli-
flozin and the risk of hospitalization for FG [13].
The findings are also consistent with the evi-
dence from the observational study conducted
by Petruski-Ivleva et al. which found no
increased risk of FG among SGLT2i users com-
pared to similar patients treated with other
second-line AHAs, although the small number
of events yielded wide confidence intervals in
this observational investigation [19].

Table 2 Baseline characteristics of patients with type 2
diabetes who were hospitalized for Fournier’s gangrene
(cases) and matched controls at the index date of FG
diagnosis

Characteristics Cases Controls

N 216 1296

Male, n (%) 201 (93.1) 1206 (93.1)

Age, mean ± SD 56.2 ± 10.9 56.4 ± 10.5

Duration of follow-up

(days), mean ± SD

774.6 ± 506.5 774.7 ± 506.8

Hypertension, n (%) 137 (63.4) 771 (59.5)

Obesity, n (%)** 62 (28.7) 195 (15.0)

Insulin use, n (%)** 84 (38.9) 228 (17.6)

Coronary heart disease,

n (%)*

39 (18.1) 157 (12.1)

Congestive heart failure,

(n (%)**

31 (14.4) 42 (3.2)

Peripheral artery disease,

n (%)**

27 (12.5) 52 (4.0)

Stroke, n (%) 4 (1.9) 21 (1.6)

Lower extremity

amputation, n (%)

2 (1.0) 4 (0.3)

Diabetic ketoacidosis,

n (%)*

4 (1.9) 3 (0.2)

Diabetic neuropathy,

n (%)**

39 (18.1) 111 (8.6)

Diabetic retinopathy,

n (%)*

15 (6.9) 44 (3.4)

Pancreatitis, n (%)* 6 (2.8) 6 (0.5)

Moderate to severe

renal

insufficiency/diabetic

nephropathy, n (%)**

40 (18.5) 92 (7.1)

Charlson comorbidity index, n (%)**

0 1 (0.5) 211 (16.3)

1 73 (33.8) 675 (52.1)

C 2 142 (65.7) 410 (31.6)

Table 2 continued

Characteristics Cases Controls

C 6 of non-diabetic

medications, n (%)*

130 (60.2) 579 (44.7)

No. of non-insulin antidiabetic medications, n (%)**

0 75 (34.7) 236 (18.2)

1 76 (35.2) 624 (48.2)

C 2 65 (30.1) 436 (33.6)

Prior hospitalizations,

n (%)**

53 (24.5) 70 (5.5)

SD standard deviation
*p\ 0.05 for difference between cases and controls;
**p\ 0.001 for difference between cases and controls

718 Diabetes Ther (2020) 11:711–723



In contrast, a recently reported retrospective
cohort study, conducted by Dave et al., com-
pared FG risk in patients treated with SGLT2i or
DPP4i among men with T2D and reported a
numerically increased risk of hospitalization for
FG associated with SGLT2i which was not sta-
tistically significant (adjusted hazard ratio 1.73;
95% CI 0.87–3.42) [18]. Compared with the
present study, use of less specific ICD-9 codes by
Dave et al. could have resulted in a greater
potential for misclassification of FG. Further-
more, the present study provides a more com-
prehensive assessment of the risk of FG by
including data from patients with T2D treated
with various AHAs, compared to the Dave et al.
study, which only included incretin-based
therapy as comparison.

A recent analysis of post-marketing, sponta-
neous case reports revealed 55 cases of FG in
patients using SGLT2i over a nearly 6-year per-
iod between March 2013 and January 2019
compared with only 19 cases in patients using
other diabetes medications over a 35-year per-
iod [17]. Approximately 78% of the post-mar-
keting, spontaneously reported cases (43/55)
were submitted after the initial analysis upon
which the safety warning was based [2], sug-
gesting the possibility of stimulated reporting of
FG cases in patients receiving SGLT2i. Given the

larger number of cases of FG identified in
patients receiving non-SGLT2i AHAs in the
study reported here, underreporting of post-
marketing adverse events in patients receiving
non-SGLT2i AHAs is also likely. Furthermore,
the imbalance described in the analysis of post-
marketing surveillance data could also be
attributed to the Weber effect, which is a phe-
nomenon of increased volume of reported
adverse events for new drugs within their first
years of approval, as health care professionals
tend to report adverse events with new treat-
ments but not with older drugs [29].

This study has several strengths. Having
access to data from 1.9 million patients with
T2D and 4.2 million person-years of observa-
tion, a large number of FG cases from two US
claims databases were identified. The observed
incidence rate of FG among male patients with
T2D of 9.2 per 100,000 person-years is higher
than the general population rate of 1.6 in
100,000 men per year [3], which is supportive of
published literature indicating T2D as a risk
factor for FG. Furthermore, the data are consis-
tent with previously published literature with
respect to the important known risk factors for
FG, including obesity, diabetes severity, poor
overall health, heart disease, and renal insuffi-
ciency [8, 9].

Table 3 Current AHA use among patients with type 2 diabetes who were hospitalized for Fournier’s gangrene (cases) and
matched controls

Treatmenta Overall Male patients Female patients

Cases
(N = 216)

Controls
(N = 1296)

Cases
(N = 201)

Controls
(N = 1206)

Cases
(N = 15)

Controls
(N = 90)

SGLT2i (with or without other

AHAs)

9 (4.2%) 100 (7.7%) 8 (4.0%) 85 (7.1%) 1 (6.7%) 15 (16.7%)

Two or more non-SGLT2i AHAs

or insulin alone

97 (44.9%) 474 (36.6%) 89 (44.3%) 447 (37.1%) 8 (53.3%) 27 (30.0%)

Two or more non-SGLT2i

AHAs

59 (27.3%) 411 (31.7%) 55 (27.4%) 385 (31.9%) 4 (26.7%) 26 (28.9%)

Insulin alone 38 (17.6%) 63 (4.9%) 34 (16.9%) 62 (5.1%) 4 (26.7%) 1 (1.1%)

Single AHAs excluding insulin or

no current exposure

110 (50.9%) 722 (55.7%) 104

(51.7%)

674 (55.9%) 6 (40.0%) 48 (53.3%)

a As defined in ‘‘Methods’’
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Nesting the FG cases and controls within a
cohort of T2D controlled the effect of T2D on
the outcome. Although the study is observa-
tional in nature and thus susceptible to poten-
tial confounding, rigorous matching and
statistical adjustment were used to minimize
confounding. The choice of a primary reference
group of patients receiving treatment with
combinations of two or more non-SGLT2i AHAs
or insulin alone provided a clinically relevant
treatment comparison and helped reduce
potential confounding by indication.

The study is observational in nature and thus
susceptible to several limitations. The first
relates to the validity of the diagnosis of FG.
While there is a designated ICD-10-CM diag-
nosis code to help identify male FG cases, the
ICD-10-CM code for female FG cases and ICD-9-
CM code for both male and female FG cases are
less specific. This may lead to misclassification
of FG cases. However, to reduce bias due to
misclassification in the absence of a designated
diagnosis code, the search used for this analysis
included terms for patients using both a diag-
nosis code and a genital or perineal debride-
ment procedure code, as surgical management
is the cornerstone of treatment for FG. A similar
strategy was previously used to help identify FG
cases in the US State Inpatient Databases [3].
Further, a sensitivity analysis including only
male FG cases identified after October 1, 2015,
when ICD-10-CM codes were fully imple-
mented and specifically captured a diagnosis of
FG, produced results that were consistent with
those of the primary analysis.

Drug exposure in both cases and matched
controls was based on prescriptions that were
filled at outpatient pharmacies, not those pre-
scribed or administered within inpatient ser-
vices, although it is unlikely that inpatient
dispensing would have accounted for a large
proportion of prescriptions. It is also not known
whether medications were taken as directed,
although repeated dispensing of the same drug
would suggest that this was the case.

Furthermore, this analysis is unable to
directly adjust for the level of glycemic control in
cases and controls because HbA1C measurements
are sparsely captured in the MarketScanTM data-
bases. Because of this drawback, it is difficult to

determine whether the duration of diabetes, the
lack of glycemic control, or both may be associ-
ated with FG. Additionally, potential residual
confounding by behavioral factors that are not
well captured in claims databases, such as
smoking or alcohol consumption, cannot be
ruled out. However, the risk estimates were
adjusted for all available potential confounding
factors, such as the multisource comorbidity
index, various diabetes-related complications,
and the use of insulin (a proxy for advanced
disease). Additionally, the choice of a primary
reference group of patients receiving treatment
with combinations of two or more non-SGLT2i
AHAs or insulin alone further reduces potential
confounding by disease severity.

Although Truven Health MarketScanTM

databases are expected to be largely representa-
tive of the commercially insured population in
the USA, they may not be representative of the
entire US treated population, such as the unin-
sured or elderly people with Medicare insur-
ance. As such, the study results are generalizable
only to the commercial health insurance pop-
ulation from which the study population was
derived and others with similar characteristics.

Finally, despite a total of 216 FG events
identified from the study cohort, only nine used
SGLT2i. The small number of exposed events
yielded wide confidence intervals that preclude
a definitive conclusion.

CONCLUSIONS

In the analysis of a large cohort of patients with
T2D from two US claims databases, treatment
with SGLT2i, as compared with treatment with
two or more non-SGLT2i AHAs or insulin alone,
was not statistically significantly associated
with an increased risk of hospitalization for FG.
Additional studies are needed to corroborate
these findings.
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