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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	≥19	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	(CI).	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%	CI:	2.07–	2.76),	SU	(HR:	3.23,	95%	CI:	
2.73–	3.81),	 and	TZD	 (HR:	3.23,	 95%	CI:	 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).1	 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),2 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,5,6	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.7,8	In	2015,	the	U.S.	Food	and	Drug	Administration	
warned	 about	 the	 increased	 risk	 of	 urinary	 tract	 infections	when	
taking	 SGLT-	2	 inhibitors.9	 In	 2018,	 it	 was	 further	 noted	 that	 rare	
cases of serious genital infections occurred following administra-
tion	of	SGLT-	2	inhibitors.10 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.11–	13

In	 Korea,	 specifically,	 46	 and	 71	 cases	 of	 genital	 and	 urinary	
infections were reported to the Korea Adverse Event Reporting 
System	(KAERS)15	between	2016	and	2020,	with	administration	of	
SGLT-	2	inhibitors	as	the	suspected	cause.	In	contrast,	0	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  | Data source

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 
≥19	 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	 (UTIs).	 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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identify	prescriptions	 for	SGLT-	2	 inhibitors	and	any	concomitantly	
used drugs.

2.4  |  Covariates

Based on previous studies11–	14	 and	 advice	 from	 clinical	 experts,	
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,	

F IGURE  1 Flow	chart
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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)17 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	(CI)	to	estimate	
the	risk	of	genital	infections	and	UTIs	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.11 
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%	CI.	We	used	 the	 statistical	 software	SAS	
Enterprise	Guide	7.15	(SAS	Institute)	provided	by	the	NHIS	remote	
server.20

3  |  RESULTS

During	the	4-	year	study	period	from	January	1,	2014,	to	December	
31,	2017,	a	total	of	745	840	patients	aged	≥19	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	 UTIs	 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%	CI:	2.07–	2.76),	SU	(HR:	3.23,	95%	
CI:	2.73–	3.81),	and	TZD	(HR:	3.23,	95%	CI:	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%	CI:	1.39–	
1.77),	SU	(HR:	1.66,	95%	CI:	1.47–	1.89),	and	TZD	(HR:	1.69,	95%	CI:	
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%	CI:	2.24–	3.02)	and	
in	male	(HR:	2.43,	95%	CI:	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%	CI:	1.43–	2.01)	
and	 male	 (HR:	 1.53,	 95%	 CI:	 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%	 CI:	 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%	CI:	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	
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with	a	significantly	increased	risk	of	genital	infections	compared	to	
DPP-	4	inhibitors	(HR:	4.20,	95%	CI:	2.63–	6.71),	SU	(HR:	4.27,	95%	
CI:	2.70–	6.75),	and	TZD	(HR:	4.11,	95%	CI:	2.25–	7.50).	Also,	the	risk	
of	UTIs	was	higher	than	DPP-	4	inhibitors	(HR:	1.82,	95%	CI:	1.32–	
2.52),	SU	(HR:	1.72,	95%	CI:	1.27–	2.34),	and	TZD	(HR:	1.50,	95%	CI:	
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	
UTIs	in	patients	with	T2DM.

Similarly,	 a	 previous	 retrospective	 longitudinal	 cohort	 study	 in	
Australia,13	a	systematic	review	in	China,12 and a retrospective co-
hort	 study	 in	 the	United	 States11	 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%	CI:	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%	CI:	2.27–	3.62)12	and	DPP-	4	 inhibitors	 (HR:	
2.81,	95%	CI:	2.64–	2.99),11 respectively.

However,	 these	 study	 results	did	not	 exhibit	 significant	differ-
ences	 in	 the	 risk	 of	UTIs	 between	 SGLT-	2	 inhibitors.	 Gadzhanova	
et	 al.	 reported	 the	 risk	 of	 UTIs	 with	 SGLT-	2	 inhibitors	 compared	
with	DPP-	4	 inhibitors	 (HR:	0.90,	95%	CI:	0.66–	1.22),6	Liu	et	al.	re-
ported	the	risk	compared	with	active	drugs	(relative	risk:	1.10,	95%	
CI:	 0.96–	1.26),12	 and	Dave	 et	 al.	 reported	 the	 risk	 compared	with	
DPP-	4	 inhibitors	 (HR:	0.98,	95%	CI:	0.68–	1.41);	 according	 to	 their	
research,	SGLT-	2	inhibitors	did	not	increase	the	risk	of	UTIs.21 The 
reason for the difference from the results of this study was that the 
statistical	approach	was	different.	For	instance,	Gadzhanova	et	al.13 
lacked	recorded	data	and	did	not	implement	PS	matching,	Liu	et	al.12 
conducted	a	systematic	review,	and	Dave	et	al.21 showed that the 
diagnostic	code	for	UTIs	is	limited	to	severe	cases.	UTIs	are	among	
the	 most	 common	 infections,	 with	 40%–	50%	 of	 female	 suffering	
from infection at least once.19	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	UTIs	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-
ies.11–	13	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.21	An	observational	study	using	the	General	Practice	Research	
Database	 in	 the	British	population	 reported	 the	 incidence	of	UTIs	C
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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.22,23	Due	to	their	
mechanism	of	 action,	 SGLT2	 inhibitors	were	expected	 to	 increase	
glucosuria,	a	well-	recognized	risk	factor	for	genital	infections.24	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.25	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.26

Outcome

SGLT- 2 inhibitors Compare group

HR (95% CI)
No. of 
events

Incidence rate 
(Per 1000 PY)

No. of 
events

Incidence rate 
(Per 1000 PY)

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

Genital	
infections

473 67.2 356 32.2 2.39	(2.07–	2.76)

Urinary	tract	
infections

543 77.0 613 55.4 1.57	(1.39–	1.77)

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

Genital	
infections

413 63.1 275 15.0 3.23	(2.73–	3.81)

Urinary	tract	
infections

492 75.1 608 45.5 1.66	(1.47–	1.89)

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

Genital	
infections

114 56.7 74 21.2 3.23	(2.35–	4.44)

Urinary	tract	
infections

146 72.7 180 51.6 1.69	(1.33–	2.13)

TA B L E  2 Risk	of	genital	and	urinary	
tract	infections	associated	with	SGLT-	2	
inhibitors	compared	to	DPP-	4	inhibitors,	
Sulfonylurea,	and	Thiazolidinedione

TA B L E  3 Risk	of	genital	and	urinary	tract	infections	associated	with	SGLT-	2	inhibitors	in	subgroup	analysis

Comparator DPP- 4 inhibitors Sulfonylurea Thiazolidinedione

Outcome Genital infections
Urinary tract 
infections Genital infections

Urinary tract 
infections Genital infections

Urinary tract 
infections

Total 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)

Sex

Male 2.43	(1.31–	4.51) 1.53	(1.29–	1.81) 2.34	(1.26–	4.32) 1.54	(1.29–	1.83) 2.57	(0.68–	9.74) 1.79	(1.30–	2.46)

Female 2.60	(2.24–	3.02) 1.70	(1.43–	2.01) 3.67	(3.08–	4.37) 1.92	(1.60–	2.31) 3.59	(2.58–	5.01) 1.66	(1.17–	2.35)

Age group

19–	29 1.45	(0.81–	2.60) 0.82	(0.44–	1.52) 1.65	(0.37–	7.41) 1.82	(0.30–	11.17) 2.09	(0.99–	4.45) 1.80	(0.81–	3.98)

30–	39 1.87	(1.37–	2.55) 1.52	(1.15–	2.01) 1.31	(0.56–	3.07) 1.58	(0.68–	3.66) 2.16	(1.49–	3.15) 1.46	(1.06–	2.02)

40–	49 1.64	(1.29–	2.07) 1.43	(1.16–	1.77) 1.94	(0.97–	3.89) 1.35	(0.80–	2.26) 1.92	(1.47–	2.51) 1.42	(1.14–	1.77)

50–	59 2.26	(1.70–	3.00) 1.27	(1.03–	1.57) 2.73	(1.60–	4.65) 1.57	(1.05–	2.34) 3.05	(2.22–	4.18) 1.34	(1.08–	1.66)

60–	69 3.21	(1.97–	5.24) 1.62	(1.13–	2.32) 3.20	(1.80–	6.11) 1.36	(0.87–	2.11) 3.38	(2.09–	5.46) 1.55	(1.10–	2.19)

70–	79 3.23	(0.83–	12.62) 1.30	(0.60–	2.84) 2.08	(0.49–	8.81) 1.30	(0.55–	3.10) 3.18	(0.82–	12.38) 1.32	(0.62–	2.83)

≥80 —	 —	 —	 —	 —	 —	

Note: Data	are	shown	as	HR	(95%	CI).
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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	UTIs	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	UTIs,	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.27	 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.

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	 UTIs	 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.31 
However,	 patients	 with	 a	 very	 high	 risk	 of	 genital	 infections	 and	
UTIs,	 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 
UTIs	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.

ACKNOWLEDGMENTS

We	appreciate	the	National	Health	Insurance	Service	for	their	coop-
eration in providing access to the database.

DISCLOSURE
The authors declare no competing interests.

ETHICS STATEMENT
This study was performed in accordingly with the Strengthening 
the	Reporting	of	Observational	Studies	 in	Epidemiology	 (STROBE)	
guidelines and was approved by the institutional review board of 
the	 Korean	 Institute	 of	 Drug	 Safety	 &	 Risk	 Management	 (KIDS;	
KIDS-	2019-	1).

AUTHOR CONTRIBUTIONS
Hyeri	Yang	and	Eunmi	Choi	designed	the	study	and	prepared	the	first	
draft.	Eunjun	Park	and	Eonji	Na	and	helped	conduct	 the	 literature	
review	and	prepare	the	Materials	and	Methods	and	the	Discussion	
sections	of	the	text,	Soo	Youn	Chung	helped	supervise	the	field	ac-
tivities	and	designed	the	study’s	analytic	strategy,	Soon	Young	Han	
and Bonggi Kim designed the study and directed its implementation.
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Comparator DPP- 4 inhibitors Sulfonylurea Thiazolidinedione

Outcome Genital infections
Urinary tract 
infections Genital infections

Urinary tract 
infections

Genital 
infections

Urinary tract 
infections

Limiting	follow-	up	duration

≤1	year 3.77	(3.03–	4.70) 2.64	(2.21–	3.14) 4.74	(3.67–	6.14) 2.33	(1.96–	2.78) 6.26	(3.63–	10.80) 2.45	(1.77–	3.39)

Restricting age

≥60	years	old 4.20	(2.63–	6.71) 1.82	(1.32–	2.52) 4.27	(2.70–	6.75) 1.72	(1.27–	2.34) 4.11	(2.25–	7.50) 1.50	(1.03–	2.18)
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