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Abstract

Sodium-glucose cotransporter-2 (SGLT-2) inhibitors are antidiabetic drugs with asso-
ciated safety concerns regarding the risk of genital and urinary tract infections. This
study assessed the risk of genital and urinary tract infections associated with pre-
scription of SGLT-2 inhibitors as an add-on therapy to metformin in patients with type
2 diabetes mellitus (T2DM) compared to dipeptidyl peptidase-4 (DPP-4) inhibitors,
sulfonylurea (SU), and thiazolidinedione (TZD). We conducted a retrospective cohort
study using the NHIS—National Health Insurance—Database in Korea from 2014 to
2017. Patients aged 219 years and those diagnosed with T2DM prior to drug prescrip-
tion were enrolled. The outcomes were genital and urinary tract infections. Analysis
was performed using Cox's proportional hazard model following 1:1 propensity score
matching to calculate the hazard ratio (HR) with a 95% confidence interval (Cl). Among
the 107 131 patients included in the study, a total of 7738, 7145, and 2175 patients
were assigned to the DPP-4 inhibitors, SU, and TZD comparator groups, using the
propensity score (PS) of each comparator based on 7741 people in the assessed drug
SGLT-2 inhibitor group. SGLT-2 inhibitors were associated with a higher risk of genital
infections than DPP-4 inhibitors (HR: 2.39, 95% Cl: 2.07-2.76), SU (HR: 3.23, 95% Cl:
2.73-3.81), and TZD (HR: 3.23, 95% Cl: 2.35-4.44), as an add-on therapy to met-
formin. Similar results were observed for the risk of urinary tract infections. In con-
clusion, SGLT-2 inhibitors are significantly associated with a higher risk of genital and
urinary tract infections compared to DPP-4 inhibitors, SU, and TZD.
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1 | INTRODUCTION

The global prevalence of diabetes is continuously increasing with the
rate among adults increasing from 4.7% in 1980 to 8.5% in 2014,
according to the World Health Organization (WHO).! Moreover,
considering that high blood glucose is associated with an increased
risk of complications, including cardiovascular disease and kidney
failure, glycemic control is imperative for diabetic patients. Hence,
metformin is recommended as a first-line therapy for type 2 diabetes
mellitus (T2DM),? while combination therapy can be administered
depending on the patient's comorbidities.

SGLT-2 inhibitors lower blood glucose levels by inhibiting SGLT-2
in the renal, reducing reabsorption of glucose, and promoting uri-
nary excretion. Since the mechanism of action for these drugs is not
related to insulin secretion, they have a lower risk of hypoglycemia
compared to other glucose-lowering agents.3’4 Moreover, recent
studies have shown that SGLT-2 inhibitors offer cardiovascular ben-
efits,>¢ making them an appropriate option for patients with cardio-
vascular disease (CVD).

However, safety concerns have been raised regarding the in-
creased risk of genital and urinary tract infections associated with
the increased glucose concentration in the urinary tract induced by
SGLT-2 inhibitors.”® In 2015, the U.S. Food and Drug Administration
warned about the increased risk of urinary tract infections when
taking SGLT-2 inhibitors.? In 2018, it was further noted that rare
cases of serious genital infections occurred following administra-
tion of SGLT-2 inhibitors.'® Although several studies have supported
the association between SGLT-2 inhibitors and an increased risk
of genital infection, the results were inconsistent for urinary tract
infections.1113

In Korea, specifically, 46 and 71 cases of genital and urinary
infections were reported to the Korea Adverse Event Reporting
System (KAERS)!® between 2016 and 2020, with administration of
SGLT-2 inhibitors as the suspected cause. In contrast, O and 18 re-
ports were made for other second-line antidiabetic drugs during the
same time period, respectively. Meanwhile, SGLT-2 inhibitors have
been on the market in Korea for a shorter time compared to other
glucose-lowering agents, and only few large-scale studies have been
conducted in Asian populations. Therefore, the current study sought
to identify the risk associated with development of genital and uri-
nary tract infections following administration of SGLT-2 inhibitors as
an add-on therapy to metformin in patients with T2DM, using the
national claims database in Korea.

2 | MATERIALS AND METHODS

2.1 | Datasource

We conducted a retrospective cohort study using the NHIS-
customized data (NHIS-2019-4-349) made available by National
Health Insurance Service (NHIS). The NHIS database has covered
almost 98% of the total population in Korea. It contains patient

demographic information such as sex, date of birth, date of death,
and medical treatment records, including details of disease and pre-
scriptions.16 The study was approved by the institutional review
board of the Korean Institute of Drug Safety & Risk Management
(KIDS; KIDS-2019-1).

2.2 | Study population

This retrospective cohort study was comprised of patients aged
219 years (both inpatient outcome and outpatient visits), diag-
nosed with T2DM for the first time between January 1, 2014 and
December 31, 2017, prescribed metformin as the first primary
medication, and treated with at least one of the following classes
as combination therapy: SGLT-2 inhibitors, sulfonylurea (SU), meg-
litinide, thiazolidinedione (TZD), alpha-glucosidase (AG) inhibitors,
dipeptidyl peptidase-4 (DPP-4) inhibitors, or glucagon-like peptide-
1 (GLP-1) agonist. We identified an index date of each patient's
first prescription with SGLT-2 inhibitors, SU, meglitinide, TZD, AG
inhibitors, DPP-4 inhibitors, and GLP-1 agonist. We excluded pa-
tients diagnosed with T2DM or those who were prescribed non-
insulin antidiabetic drugs (ADs) in the 3 years prior to their index
date. And patients diagnosed with T1DM, end-stage renal disease,
cancer, HIV infection, primary immunodeficiency, or aplastic ane-
mia, as well as those treated with Foley/Nelaton catheterization or
insulin within 1 year prior to the index date, were excluded. Also,
we excluded patients if they did not receive metformin during the
follow-up period, were not diagnosed with T2DM before the index
date, or were prescribed more than one class of second-line medi-
cations (Figure 1).

2.3 | Outcomes and exposure

The primary outcomes were the occurrence of genital infections and
urinary tract infections (UTls). The definition varied by sex, since
some diagnosis codes are sex specific. Outcomes for genital infec-
tion included KCD-7 codes of Candida infections, vaginitis, vulvitis,
gonococcal infections, and inflammatory disease of the uterus for
female, whereas candidal balanitis, orchitis, epididymitis, and bala-
noposthitis were defined as the outcomes for male. UTIs were de-
fined as pyelonephritis, cystitis, urethritis, and urethral syndrome for
female and inflammatory diseases of the prostate in male (Table S1
in Appendix S1). The follow-up was terminated when any of the fol-
lowing were first observed: (1) occurrence of a study outcome (geni-
tal infections, urinary tract infections); (2) death; and (3) end of the
study period (December 31, 2017).

The exposure of main interest was the use of SGLT-2 inhibitors,
including dapagliflozin, empagliflozin, and ipragliflozin. We identi-
fied all of the SGLT-2 inhibitors used in the year prior to the index
date except for canagliflozin. The NHIS dataset included the Korean
ingredient code of the drug, the date the prescription was written,
the number of days of supply, and quantity. We used this data to
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ASPET

Initial cohort (n = 745,840)
New users* of noninsulin ADs who are newly* diagnosed with T2DM (2014.01.01~2017.12.31)

* We excluded patients diagnosed with T2DM or those who were prescribed noninsulin ADs in the 3 years prior to their index date.

Excluded (n = 276,465)

(@ Patients who received only metformin (n = 276,465)

New users of metformin + 2nd-line ADs who are newly diagnosed with T2DM (n = 469,375)

@ Patients

Excluded (n = 362,244)

(Within 1 year prior to the cohort entry date)

diagnosed with TIDM, ESRD,
immunodeficiency, or plastic anemia, treated with Foley/Nelaton catheterization who
received insulin (n = 270,530)

(During the follow-up period)

(2 No metformin prescription (n = 3,904)

(During the study period)

(3 No T2DM diagnosis prior to cohort entry date (n = 12,725)

@) Patients prescribed more than one class of 2%-line ADs (n = 75,085)

cancer, HIV infection, primary

Final study population (n = 107,131)

I

Metformin + SGLT-2 inhibitor
(n=17,741)

l

Metformin + Other 2nd-line ADs
(n=99,390)

|

|

|

| 1:1 Propensity Score Matching | |

1:1 Propensity Score Matching |

1:1 Propensity Score Matching |

| | |

) Y |

Metformin + Metformin + Metformin +
SGLT-2 inhibitor DPP-4 inhibitor SGLT-2 inhibitor
(n=7,738) (n=7,738) (n=7,145)

Metformin + Metformin +
SGLT-2 inhibitor Thiazolidinedione

Metformin +
Sulfonylurea

(n=7,145) (n=2,175) n=2,175)

* T2DM, type 2 diabetes mellitus; T1IDM, type 1 diabetes mellitus
* ADs, Antidiabetic drugs

* Other 2"%-line ADs=Sulfonylurea, DPP-4 inhibitors, Thiazolidinedione, GLP-1 agonist, a-glucosidase inhibitors, Meglitinides

FIGURE 1 Flow chart

identify prescriptions for SGLT-2 inhibitors and any concomitantly

used drugs.

2.4 | Covariates

11-14 5nd advice from clinical experts,

Based on previous studies
we described the demographic information (sex and age), drug use

(e.g., broad-spectrum antibiotics, NSAIDs, estrogen, antifungal

drugs, antihypertensive drug, immunosuppressants, systemic
steroid, anticonvulsants), medical treatment (e.g., Foley/Nelaton
catheterization), medical history (e.g., diabetes, moderate or se-
vere renal diseases, stroke, ischemic heart disease, hypertension,
hyperlipidemia, congestive heart failure, cardiac arrhythmias, val-
vular disease, chronic pulmonary diseases, pulmonary circulation
disorders, peripheral vascular disease, hemiplegia, neurodegener-
ative disorders, hypothyroidism, liver disease, peptic ulcer disease
without bleeding, rheumatoid arthritis, collagen vascular diseases,
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coagulopathy, obesity, weight loss, fluid and electrolyte disorders,
blood loss anemia, deficiency anemia, alcohol abuse, drug abuse,
psychosis, depression, pregnancy), and Charlson Comorbidity
Index (CCI)Y” within 1 year prior to the index date were individu-
ally collected.

2.5 | Statistical analysis

The general characteristics of each drug exposure group (SGLT-2
inhibitors, SU, meglitinide, TZD, AG inhibitors, DPP-4 inhibitors,
GLP-1 agonist + metformin) were examined. With the exception of
the small population groups (n < 1000) comprising meglitinide, AG
inhibitors, and GLP-1 against exposure groups, to mitigate the po-
tential of confounding factors, 1:1 PS-matched pairs for the SGLT-2
inhibitor group versus DPP4-inhibitor, SU, and TZD groups were
modeled on cohort entry.

Baseline characteristics were summarized for patient groups in
categorical variables as frequency and percentage and compared
using the Chi-square or Fisher's exact test or were summarized for
patient groups as continuous variables using mean + standard devi-
ation (SD), and compared using the t-test as appropriate. Then we
used propensity score (PS) matching (caliper 1:1 matching) to reduce
the potential selection bias in an observational study and balance
the distribution between the two groups excluding the confounding
variables. A logistic regression model was fitted to estimate the pro-
pensity score (i.e., probability of inclusion in the treatment group),18
and standardized difference (STD) was the statistic used for the as-
sessment of covariate balance after PS matching. An STD greater
than 0.1 can be considered as a sign of a meaningful imbalance be-
tween the study groups.

We used the Cox proportional hazard regression and determined
the hazard ratios (HR) with 95% confidence intervals (Cl) to estimate
the risk of genital infections and UTls associated with SGLT-2 inhib-
itors. We also conducted two subgroup analyses stratified by age
and sex. Finally, we performed sensitivity in two ways described in
previous studies, the first limiting the follow-up period to 1 year.**
According to a previous report (Dave et al.), urinary tract infections
and genital infections occur mostly within 52 weeks of taking SGLT-2
inhibitors. And, the second was an analysis of high-risk patients over
60 years of age.19 Conventionally, probabilities lower than 0.05 are
considered significant or statistically significant, and HR cannot in-
clude unity (one) in 95% CIl. We used the statistical software SAS
Enterprise Guide 7.15 (SAS Institute) provided by the NHIS remote

server.zo

3 | RESULTS

During the 4-year study period from January 1, 2014, to December
31, 2017, a total of 745 840 patients aged 219 years were diagnosed
with T2DM and prescribed metformin as the primary and treated
with type of ADs. After exclusion criteria were applied, a total of

107 131 patients were enrolled, of whom 78 808 (73.6%) were as-
signed to the DPP-4 inhibitor group, 17 936 (16.7%) to the SU group,
7741 (7.2%) to the SGLT-2 inhibitor group, 2264 (2.1%) to the TZD
group, and 382 (0.4%) were allocated to the other noninsulin ADs
(meglitinide, AG inhibitors, GLP-1 agonist) group as add-on therapies
to metformin.

Among the 107 131 patients included in the study, a total of
7738, 7145, and 2175 patients were assigned to the DPP-4 inhib-
itors, SU, and TZD comparator groups, using the PS of each com-
parator based on 7741 people in the assessed drug SGLT-2 inhibitor
group. We used 1:1 PS matching within a maximum caliper of 0.005
through a multiple logistic regression analysis. The DPP-4 inhibitor
group, SU group, and TZD group were comparable regarding the
baseline covariates with no STD exceeding 10% (Table 1). An STD
>10% can be considered as a sign of meaningful imbalance between
study groups.

To estimate the risk of genital infections and UTls associated
with SGLT-2 inhibitors, we used the Cox proportional hazard mod-
els and calculated the HR after PS matching. First, when patients
with T2DM were prescribed metformin, the risk of genital infections
with SGLT-2 inhibitors was associated with a higher risk than that in
DPP-4 inhibitors (HR: 2.39, 95% Cl: 2.07-2.76), SU (HR: 3.23, 95%
Cl: 2.73-3.81), and TZD (HR: 3.23, 95% Cl: 2.35-4.44). Second, the
use of SGLT-2 inhibitors was associated with a significantly increased
risk of UTIs compared to DPP-4 inhibitors (HR: 1.57, 95% ClI: 1.39-
1.77), SU (HR: 1.66, 95% Cl: 1.47-1.89), and TZD (HR: 1.69, 95% Cl:
1.33-2.13; Table 2).

We carried out further subgroup analyses by sex and age to
evaluate associations between the risk of genital infections and
UTIs with SGLT-2 inhibitors compared to DPP-4 inhibitors, SU, and
TZD. In the subgroup analyses, according to sex, using SGLT-2 in-
hibitors compared to DPP-4 inhibitors was associated with a risk of
genital tract infections in female (HR: 2.60, 95% Cl: 2.24-3.02) and
in male (HR: 2.43, 95% ClI: 1.31-4.51). In addition, the risk of UTIs
with SGLT-2 inhibitors was associated with a higher risk than that
with DPP-4 inhibitors among female (HR: 1.70, 95% Cl: 1.43-2.01)
and male (HR: 1.53, 95% Cl: 1.29-1.81). Other comparators had
similar results in both outcomes. As for the age groups, the asso-
ciation between the risk of genital infections and UTIs with SGLT-2
inhibitor use remained statistically significant for each age group;
however, the most pronounced increases were observed in individ-
uals >60 years of age (Table 3). Subgroup analysis revealed an in-
creased risk of infection in patients aged over 60 years taking SGLT-2
inhibitors.

To verify the consistency of the results, we performed sensitivity
analysis. First, we limited the follow-up period to less than 1 year
after cohort entry. The risk of genital infections with SGLT-2 inhib-
itors was associated with a higher risk than that in DPP-4 inhibitors
(HR: 3.77, 95% Cl: 3.03-4.70). And use of SGLT-2 inhibitors was
associated with a significantly increased risk of UTIs compared to
DPP-4 inhibitors (HR: 2.64, 95% Cl: 2.21-3.14). Also, other compara-
tors (SU and TZD) had similar patterns. Second, high-risk age groups
were defined as “age >60 years,” SGLT-2 inhibitors were associated



50f 10

PHARMACOLOGICAL

T
2
=
&
&

YANG ET AL.

(senuijuo))

0
[

'€
£0-
8T
€v-
00

97
00
00
LT~
60
S
€€
v'e

07T
6¢C
LT-
A
S0
80
90
€G-

0'¢
0¢c-

(%) aLs

STPS 08TT Yys ¥8TT
AN LLE /89T £9€
8L0C A 91°CC 8Py
S6'LT 809 €9°/¢ 109
£9°9C 08S Sv'LT L6S
0942 GES 9L°2T S6tr
(TT)ST (TT)S'T

8z°0 9 LEO 8
S00 T S00 T
v6Th ¥€6 112k 916
9TL 8ST 6L €971
L£0 8 €20 S
68°€E LEL Svse TLL
06'8T 14574 €202 ()47
¥£°0 91 €80 8T
6Y L0T 95°'g 12T
91T z8Y LY'TT 19%
09°9¢ 96L 00°9¢ €8/
[8'%T s or'se oS
161 LT v1'8 LLT
08'C 19 06T €9
(€TT) T'ES (€TT)S'2S

79°0¢ 999 ¥S°1E 989
8€'69 60ST 9%'89 68YT
% N % N
(S£12)azL (S£12)

s10qIyul Z-119S

¢0

Ve
6¢C
8'0-
10
00

LT
00
61~
90
0'1-
00
8'0-
80

0T~
G0-
60~
€0
S0
70
00
§'G-

S'0-
S0

(%) aLs

L1°SS G86¢ 6LYS  ST6E
I8 zs01T 18¥T 8501
GL'8T oveT ¥8/T  S/TT
9592 8687 ¥8/T 6861
v1° 1€ szee GL0E  L61T
¥S'€T 78971 LS €T 89T
(€T)GT (cT)sT

120 qT 620 12
110 8 900 2
149014 788¢ €90  £06C
Gs'8 119 62'8 T68
£v0 1€ 40 1€
$5°GE 6€ST v1'se  11S¢
S0'TZ ¥0ST 9¢TC  9TST
GE0 o4 620 12
90°¢C LT 66T 44"
zreT 998 18°'TT ¥¥8
1428 LEET 98'C¢  8vee
€678 £5€T LTEE  0LET
96'ST ovTT 009T  evIT
88°¢ LLT 88°¢ LLT
(6°01) 681 (8°0T) £'8%
G618 £8¢¢ vL18  89zC
50'89 798% 9789  L/8%
% N % N
(S¥T4) NS (StTL)

sioqIyul Z-119S

€0-
S0

V1=
97
7’0

£0-
00

x4
00
S0
L0
90
00
00
60

S0
T°0-
S0
0
7'0-
0'T-
60
G-

70
T0-

(%) aLs

9v'9G 69y 1€9S  /SEY
€T91 95T 99T 0/LCT
61°0C 79ST 96T  8IST
T9'LT LETT £€€'8C  T6IT
€662 91€T 010 6T8C
1T2C £TLT 96TC 6691
(0T)ST (0T)S'T

610 ST 0£0 €z
S00 ¥ 900 S
6T TY [81€ SS'Ty  STee
18°8 789 86'8 669
Y0 9¢ Y0 9¢
¥S'Ge 0S/Z €5°6e  6¥LT
zree Tl 162 Tvll
SZ0 6T LT0 12
98'T YT G8'T evT
£8°0T 178 01T €58
6608 86€T 0CTE  vIve
ev'ee £8ST €7'€e  TLST
19°LT £9¢T GTLT  SEeT
66t 98¢ 8T'S T0Y
(6°0) 0’8t (0TT) 9Lt

10°€€ 1T Y0'€e  £SSC
66'99 ¥8T1S 9699 18IS
% N % N
(8€LL) (8eLL)

s1ouqIyul -dda

sioNqIyul Z-119S

pajedijdwodun ‘sa3aqelq
pajedijdwod ‘sajaqelq
juswijealy [edIpan
+€
©
T
0
(@s) uesiy
122
P10431S 21WaISAS
3nup aAissaaddnsounww|
SJUBS|NAUOD[IUY
juade aAlsuaiadAyiuy
s3nup [e3unjiuy
uagoJ3s3
SAIVSN
d1301q13ue wnJjdads peoig
asn 3nug
+08
6/-0L
69-09
65-0G
67-0F
6€-0€
6C-61
(@s) uesw
a8y
ETEER|
dleiN
PEIN

A108318)

Suiyojew Gd T:T Jo}je sonysiia3oeleyd Juajed auleseg T 379VL



YANG ET AL.

PHARMACOLOGICAL:

F
2
=
2
&

6 of 10

€1
S'C
0T~
0T~

L0

9T
LC
¢0-

6'G
9T~

€cC
(R

€Y

40
L0

Lz

01

z0
T~
v

€S

S0

9'0

(%) aLs

AN o 0£e 0S
€20 S LE0 8
€20 S 810 v
€20 S 810 v
19T se 0LT L€
76’8 v6T 86 ¥02
v1°Ze 669 evee Yada
16°€ S8 98¢ ¥8
090 €T STT sz
LE0 8 8Z°0 9
€T'8 6.1 [8'8 €61
S00 T ¥1°0 €
- - 600 4
zs€eT v62 99°€l 16T
10 6 9%°0 o1
sTT 6% 19T 85
oLT L€ ¥8'T ov
Sb'GS 90zT ¥S'SS 80¢T
Y1y 106 [8°0F 688
Yard 09 66T 59
- - ¥1°0 €
16'€ S8 00 /8
1650 1T G50 z7
% N % N
(S£12) AzL (5£12)

SI0NqIyul Z-119S

81
€0
90

z1-

€0-

€0-
€¢-
T0-

¢l
80

L0
9°0-

LT-

61~
60~
¥'0
S0
V1=

90

80-
00

L0
¥0-
(%) als

(A% 991 09'C 981
620 1z 1€0 44
810 €T 120 ST
SZ0 8T 0z°0 ¥T
6T S8 91T €8
LS8 z19 8’8 909
6v'vE ¥9vC 6£'€E  98ET
e 99¢ 69°¢ ¥9¢
€90 St €L0 zs
110 8 ¥1°0 ot
LSS 86¢ vL'S (0]
£0°0 S 900 4
800 9 %00 €
69°CT £06 90°CT 798
SZ0 81 120 ST
A4 08T 85C ¥81
1€°C G9T 8¢ 0T
€Les 6£8¢ $0'€S  06.LE
96'6€ G68T STor  9/8C
8T'e [T ¥0'e 12
010 L 010 L
€T G9T we €LT
z50 LS 60 ge
% N % N
(S¥TL) NS (StTL)

SI0NqIyul Z-119S

L'C
e
1
00

9°¢-

T0-
90
00

1
7

v'e-
Te

S0

L0
91
7€
80
9°0-

L0

80
87

i
80-
(%) als

VT 16T 16T szT
/10 €T 80 144
£v0 ge 050 68
€20 8T €20 8T
85T 44 91T 06
79'8 199 858 ¥99
1EvE GG9¢ 09've  £19C
80°Y 91¢ 80 91¢
z9°0 8t 120 S
010 8 ¥1°0 1
GT'9 oLy 8G°G zey
€00 z 01’0 8
500 v 900 S
18°CT 166 €0€T 8001
LT0 1z 9¢°0 8z
68T G8T 88°C €Tz
€8¢ 61T 96T 622
0095 ceey 0LSS  OIEY
06'0% G9TE €TIr  061€
99°¢ €82 18°¢ S6¢
600 L 910 z7
0£¢ 8.1 ST G6T
99°0 15 65°0 oF
% N % N
(8€£L) (8€LL)

si0qIyul p-dda

sIoNqIyul Z-119S

s1apJosip
91A]043239]3 pue pin|4

SSO| 3Y3IoM
Aysaqo
Ayjedojn8eo)

saseas|p
Jejnasen uage||od
/SILY3IE plojewnayy

Suipas|q
ou ‘aseasip Ja2|n o13dad

95BaSIP JDAIT
wsiploJAyjodAH

sJapJosip
9AIeI9UD39pPOININ

e|8ajdiwaH

aseas|p
Jejnasen |esaydiiad

ewyIsy

siapJosip
uoI3e|INJID AJeuow|ng

saseasip
Aseuownd o1uouyd

2seasIp Je|nAjeA
selwyAylie oeipied)
24n|ie} 3Jeay aA13saguo)
elwapidijJodAH

pajedidwod
‘uolsuasadAH

pajedidwodoun
‘uoisusriadAH

9SE3sIp 1Jeay dlwayos|
Hons
S9SE3SIP |euay

A108318)

(penuRUOD) T 374VL



YANG ET AL.

TABLE 1 (Continued)

SGLT-2 inhibitors

(2175)

SGLT-2 inhibitors

DPP-4 inhibitors
(7738) (7145)

SGLT-2 inhibitors

(7738)

TZD (2175)

SU (7145)

STD (%)

%

%

N

STD (%)

%

%

N

STD (%)

%

Category

-2.5

0.18
3.95
3.08

0.09
3.77
2.80

0.0

0.14
3.58
2.83
0.03
0.85
2.97
0.04

10

0.14
3.61
2.58

10

-1.4
2.6

0.23
3.17
2.92
0.04
0.94
2.69
0.14

18
245

0.17
3.63
2.58
0.01
0.83
2.99
0.16

13
281

Blood loss anemia

-1.0
-1.6

0.0
0.9

86
67

82
61

256 0.2

202

258
184

Deficiency anemia

-1.6
-2.4

0.3

-21

226

200

Alcohol abuse

-1.6
-1.2
1.8
0.3

Drug abuse

0.97
3.72
0.09

21

1.06
3.82
0.05

23
83

61

0.88
2.77
0.07

63

73

64
231
12

Psychosis

0.5

81

-1.2
1.2

212

198

208
11

Depression

-1.8

Pregnancy

B CASPET (]
with a significantly increased risk of genital infections compared to
DPP-4 inhibitors (HR: 4.20, 95% Cl: 2.63-6.71), SU (HR: 4.27, 95%
Cl: 2.70-6.75), and TZD (HR: 4.11, 95% Cl: 2.25-7.50). Also, the risk
of UTls was higher than DPP-4 inhibitors (HR: 1.82, 95% ClI: 1.32-
2.52), SU (HR: 1.72, 95% ClI: 1.27-2.34), and TZD (HR: 1.50, 95% ClI:
1.03-2.18) (Table 4).

4 | DISCUSSION

In this study, we found that SGLT-2 inhibitors, compared with DPP-4
inhibitors, SU, and TZD, in combination with metformin, were sig-
nificantly associated with an increased risk of genital infections and
UTls in patients with T2DM.

Similarly, a previous retrospective longitudinal cohort study in
Australia,’® a systematic review in China,*? and a retrospective co-
hort study in the United States! have reported an increased risk
of genital infections associated with SGLT-2 inhibitors. Moreover,
Gadzhanova et al. reported the risk of genital infections with SGLT-2
inhibitors is increased compared with DPP-4 inhibitors (HR: 3.50,
95% Cl: 1.95-5.89).13 Liu et al. and Dave et al. have also reported
that the risk of genital infections is increased compared with placebo
(relative risk: 2.87, 95% Cl: 2.27-3.62)*? and DPP-4 inhibitors (HR:
2.81,95% Cl: 2.64-2.99),' respectively.

However, these study results did not exhibit significant differ-
ences in the risk of UTls between SGLT-2 inhibitors. Gadzhanova
et al. reported the risk of UTls with SGLT-2 inhibitors compared
with DPP-4 inhibitors (HR: 0.90, 95% Cl: 0.66-1.22),° Liu et al. re-
ported the risk compared with active drugs (relative risk: 1.10, 95%
Cl: 0.96-1.26),'? and Dave et al. reported the risk compared with
DPP-4 inhibitors (HR: 0.98, 95% Cl: 0.68-1.41); according to their
research, SGLT-2 inhibitors did not increase the risk of UTIs.?! The
reason for the difference from the results of this study was that the
statistical approach was different. For instance, Gadzhanova et al.1®
lacked recorded data and did not implement PS matching, Liu et al.t?
conducted a systematic review, and Dave et al.?! showed that the
diagnostic code for UTls is limited to severe cases. UTls are among
the most common infections, with 40%-50% of female suffering
from infection at least once.'? Hence, making direct correlations be-
tween UTIs and specific drugs can be challenging. In other words,
specific individual characteristics of a patient can lead to their being
selected for specific treatments, which may introduce selection bias
and impact the statistical results of studies. To address this issue, we
controlled for covariate imbalance using PS matching.

In this study, the sensitivity analysis of the association between
the risk of genital infections and UTls with SGLT-2 inhibitor use was
conducted by limiting the follow-up period to 365 days and age to
over 60 years, the result of which was similar to that of prior stud-
jes.1713 A retrospective cohort study in the United States showed
that the risk of genital infections within 365 days of initiating SGLT-2
inhibitor use was significantly higher than that with DPP-4 inhibi-
tors.?! An observational study using the General Practice Research
Database in the British population reported the incidence of UTls
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SGLT-2 inhibitors Compare group

No. of
events

No. of
events

Incidence rate
(Per 1000 PY)

Outcome

SGLT-2 inhibitors (n = 7738) versus DPP-4 inhibitors (n = 7738)

Genital 473 67.2 356 32.2
infections

Urinary tract 543 77.0 613 55.4
infections

SGLT-2 inhibitors (n = 7145) versus Sulfonylurea (n = 7145)

Genital 413 63.1 275 15.0
infections

Urinary tract 492 75.1 608 45.5
infections

SGLT-2 inhibitors (n = 2175) versus Thiazolidinedione (n = 2175)

Genital 114 56.7 74 21.2
infections

Urinary tract 146 72.7 180 51.6
infections

Incidence rate
(Per 1000 PY)

TABLE 2 Risk of genital and urinary
tract infections associated with SGLT-2
inhibitors compared to DPP-4 inhibitors,

HR (95% Cl) Sulfonylurea, and Thiazolidinedione

2.39 (2.07-2.76)

1.57 (1.39-1.77)

3.23(2.73-3.81)

1.66(1.47-1.89)

3.23(2.35-4.44)

1.69 (1.33-2.13)

TABLE 3 Risk of genital and urinary tract infections associated with SGLT-2 inhibitors in subgroup analysis

Thiazolidinedione

Comparator DPP-4 inhibitors Sulfonylurea
Urinary tract
Outcome Genital infections infections Genital infections
Total 2.39 (2.07-2.76) 1.57(1.39-1.77)  3.23(2.73-3.81)
Sex
Male 2.43(1.31-4.51) 1.53(1.29-1.81) 2.34 (1.26-4.32)
Female 2.60(2.24-3.02) 1.70(1.43-2.01)  3.67(3.08-4.37)
Age group
19-29 1.45(0.81-2.60) 0.82(0.44-1.52)  1.65(0.37-7.41)
30-39 1.87(1.37-2.55) 1.52(1.15-2.01) 1.31(0.56-3.07)
40-49 1.64(1.29-2.07) 1.43(1.16-1.77)  1.94(0.97-3.89)
50-59 2.26 (1.70-3.00) 1.27 (1.03-1.57) 2.73(1.60-4.65)
60-69 3.21(1.97-5.24) 1.62(1.13-2.32)  3.20(1.80-6.11)
70-79 3.23(0.83-12.62) 1.30(0.60-2.84) 2.08(0.49-8.81)
280 - - -

Urinary tract
infections

1.66(1.47-1.89)

1.54(1.29-1.83)
1.92(1.60-2.31)

1.82(0.30-11.17)
1.58 (0.68-3.66)
1.35(0.80-2.2¢)
1.57 (1.05-2.34)
1.36 (0.87-2.11)
1.30(0.55-3.10)

Genital infections

3.23(2.35-4.44)

2.57 (0.68-9.74)
3.59 (2.58-5.01)

2.09 (0.99-4.45)
2.16 (1.49-3.15)
1.92(1.47-2.51)
3.05(2.22-4.18)
3.38(2.09-5.4¢6)
3.18 (0.82-12.38)

Urinary tract
infections

1.69 (1.33-2.13)

1.79 (1.30-2.46)
1.66(1.17-2.35)

1.80(0.81-3.98)
1.46(1.06-2.02)
1.42(1.14-1.77)
1.34 (1.08-1.66)
1.55(1.10-2.19)
1.32(0.62-2.83)

Note: Data are shown as HR (95% Cl).

over 60 years of age.19 Comprehensively, SGLT-2 inhibitors were
found to be significantly associated with a higher risk of genital
infections and UTIs in patients over 60 years of age in our study.
Therefore, the administration of SGLT-2 inhibitors to elderly patients
should be closely monitored.

There are several potential mechanisms by which genital infec-
tions and UTIs risk in those with SGLT-2 inhibitors. The mechanism
of action of SGLT-2 inhibitors is to prevent reabsorption of glucose
by inhibiting SGLT-2 protein present in proximal convoluted tubules
of the kidney and facilitate its excretion in urine.?>2% Due to their
mechanism of action, SGLT2 inhibitors were expected to increase
glucosuria, a well-recognized risk factor for genital infections.?* And,

this may stem from the increase in urinary glucose levels—and con-
sequent predisposition to growth of commensal microorganisms—
that is a consequence of hyperglycemia. A logical consequence of
this would be a further increase in risk in association with SGLT2
inhibitor administration and a series of cases in which people with
diabetes experienced progression of a UTI to urosepsis or pyelone-
phritis leading the FDA to issue a warning about the risk of serious
UTIs in SGLT2 inhibitor-treated patients.?” In addition, SGLT2 inhib-
itors are associated with increased benign urinary symptoms (e.g.,
increased urinary output) due to osmotic diuresis. This may have po-
tentially increased the diagnosis of infection in patients treated with
SGLT2 inhibitors.?®
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TABLE 4 Risk of genital and urinary tract infections associated with SGLT-2 inhibitors in sensitivity analysis

Comparator DPP-4 inhibitors Sulfonylurea Thiazolidinedione
Urinary tract Urinary tract Genital Urinary tract
Outcome Genital infections infections Genital infections infections infections infections

Limiting follow-up duration

<1 year 3.77 (3.03-4.70) 2.64(2.21-3.14)
Restricting age
4.20(2.63-6.71)

260 years old 1.82(1.32-2.52)

Note: Data are shown as HR (95% Cl).

The key strength of this study is its representation of a large pop-
ulation using the Korean national claims data. The NHIS data using
the national health insurance claim data included approximately 98%
of the Korean medical service and prescribed medicines, making it
readily applicable to the general Korean population. In particular,
the results of this study are meaningful in that there has been no
previous study in the Korean population to analyze the risk of gen-
ital infections and UTlIs associated with SGLT-2 inhibitors. We also
sought to minimize the effect of confounding factors, such as un-
derlying diseases and medication use, which are known to be related
to genital infection and UTI risk, by applying statistical methods
using PS matching. Furthermore, we generalized results consider-
ing one or more comparative drug groups. According to the 2016
prescription for diabetes treatment, the most commonly adminis-
tered metformin-based combined therapies include DPP-4 inhibitor,
SU, SGLT-2 inhibitors, and TZD in this order. Although various prior
studies have analyzed only DPP-4 inhibitors as a comparative con-
trol group for SGLT-2 inhibitors, this study also included the use of
SU and TZD.

Nevertheless, our study has some limitations. First, diabetes,
known as an underlying risk factor for the incidence of genital in-
fections and UTlIs, may have affected as a confounding factor af-
fecting the results. Although the prevalence and moderate degree
of diabetes may affect the results, there were limited data sources
that utilize clinical information such as severity and detailed symp-
toms of each patient's disease.?’ Second, the period of follow-up
for the study drugs differed. Specifically, SGLT-2 inhibitors were
first marketed in 2014 in Korea and had a shorter follow-up period
than the other study drugs. Therefore, we conducted a sensitivity
analysis with a constant follow-up period applied to adjust for the
observation period. However, a long-term follow-up further studies
are required. Third, restricted information for each clinical site also
imposes limitations to the study. For instance, it is difficult to clearly
define the diagnostic criteria applied by each clinic for genital and
urinary tract infections. Hence, although the risk of UTIs that require
treatment is considered to be significantly associated with SGLT-2
inhibitors, mild cases not requiring treatment may have also been in-
cluded in the outcome variables for this study. In addition, potential
confounders such as history of hospitalization were not considered.
Lastly, potential confounders such as history of hospitalization were
not considered. However, we tried to reduce confounding related
to infection by adjusting infection-related diseases and drug history.

4.74 (3.67-6.14)

4.27 (2.70-6.75)

2.33(1.96-2.78) 6.26 (3.63-10.80)  2.45(1.77-3.39)

1.72 (1.27-2.34) 4.11 (2.25-7.50) 1.50(1.03-2.18)

In conclusion, as SGLT-2 inhibitors are relatively new and effec-
tive agents, further studies are needed to clarify their adverse event
and potential complication. And, mild to moderate genital infections
and UTls can be treated according to local guidelines.28’30 Also,
SGLT-2 inhibitors have been shown to reduce cardiovascular disease,
so we should consider the risks and benefits of SGLT-2 inhibitors.>!
However, patients with a very high risk of genital infections and
UTls, such as perineal gangrene, recurrent and neurological blad-
der patients, it is probably recommended not to administer SGLT2
inhibitors. Therefore, the results of this study must be interpreted
carefully when applying them to clinical settings.

In this national-based, retrospective cohort study, the use of
SGLT-2 inhibitors in T2DM patients taking metformin as the pri-
mary drug was found to be associated with genital infections and
UTls compared to DPP-4 inhibitors, SU, and TZD. In particular, pa-
tients over 60 years of age tended to have a higher risk of genital
infections, indicating that careful monitoring of these patients is
imperative.
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