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1 	 | 	 INTRODUCTION

The	 sodium-	glucose	 cotransporter-	2	 (SGLT-	2)	 inhibi-
tors	 are	 a	 class	 of	 antihyperglycaemic	 agents	 that	 lower	

blood	 glucose	 in	 a	 novel	 insulin-	independent	 mecha-
nism.1	 Specifically,	 SGLT-	2	 inhibitors	 work	 by	 prevent-
ing	 glucose	 reabsorption	 and	 facilitating	 its	 excretion	 in	
urine	by	 inhibiting	 the	SGLT-	2	proteins	 in	 the	proximal	
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Abstract
Aim: To	assess	the	association	between SGLT-2	inhibitors initiation	and	genital	
tract	infections	(GTIs)	among	patients	with	type	2	diabetes.
Methods: A	 population-	based	 cohort	 study  using	 administrative	 healthcare	
data from	Alberta,	Canada,	and	primary	care	data	from	the	UK’s	Clinical	Practice	
Research	 Datalink	 (CPRD).	 Among	 new	 metformin	 users,	 we	 identified	 new	
users	of	SGLT-2	inhibitors and	five	active	comparator	cohorts	(new	users	of	di-
peptidyl	peptidase-	4	 (DPP-	4)	 inhibitors,	 sulfonylureas	 (SU),	glucagon-	like	pep-
tide-	1	receptor	agonists	(GLP-	1	RA),	thiazolidinediones	(TZD)	and	insulin).	The	
outcome	of	interest	was	a	composite	GTI	outcome.	In	each	cohort,	we	used	high-	
dimensional	propensity	score	matching	to	adjust	for	confounding	and	conditional	
Cox	proportional	hazards	regression	to	estimate	the	hazard	ratios	(HR).	We	used	
random-	effects	meta-	analysis	to	combine	aggregate	data	across	databases.
Results: The	risk	of	GTI	was	higher	for	SGLT-2	inhibitors	users	compared	with	
DPP4inhibitor	 users	 (pooled	 HR	 2.68,	 95%	 CI	 2.19	 3.28),	 SU	 users	 (3.29,	 2.62–	
4.13),	GLP1-	RA	users	(2.51,	1.90–	3.31),	TZD	users	(4.17,	2.46–	7.08)	and	insulin	
users	(1.86,	1.27–	2.73).
Conclusion: In	five	comparative	cohorts,	SGLT-2	inhibitors	initiation	is	associ-
ated	with	a	higher	risk	of	GTIs.	These	findings	from	real-	world	data	are	consist-
ent	with	placebo-	controlled	randomized	controlled	trials.
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convoluted	tubule	in	the	kidneys.1 These	co-	transporters	
are	 responsible	 for	 glucose	 reabsorption	 and	 inhibiting	
them	has	been	proven	to	be	an	effective	approach	for	gly-
caemic	control.2,3 This	unique	mechanism	of	action	that	
complements	 existing	 antihyperglycaemic	 agents,	 in	 ad-
dition	 to	 their	 protective	 role	 in	 cardiovascular	 disease,	
chronic	kidney	disease	and	heart	 failure,	placed	SGLT-	2	
inhibitors	in	a	favoured	position	in	the	newest	clinical	dia-
betes	guidelines.4,5	However,	the	induced	glucosuria	can	
increase	 susceptibility	 to	 additional	 growth	 of	 commen-
sal	genital	microorganisms	and	increase	the	risk	of	geni-
tal	tract	infections	(GTIs).6-	8 Thus,	SGLT-	2	inhibitors	are	
hypothesized	to	aggravate	an	existing	high	risk	of	genital	
infections	 associated	 with	 diabetes,	 wherein	 those	 with	
diabetes	were	found	to	be	more	likely	to	experience	infec-
tions	compared	to	those	without	diabetes.9

Four	 SGLT-	2	 inhibitor	 agents	 have	 been	 approved	 in	
both	the	United	Kingdom	and	Canada:	canagliflozin,	da-
pagliflozin,	 empagliflozin	 and	 ertugliflozin.	 After	 their	
approval,	 signals	 from	 post-	marketing	 case	 reports	 indi-
cated	a	potential	increased	risk	of	genital	infections	after	
SGLT-	2	 inhibitor	 initiation,	 some	of	which	were	consid-
ered	serious,	such	as	Fournier's	gangrene.10,11	Eventually,	
the	Food	and	Drug	administration	(FDA)	issued	a	safety	
warning	 concerning	 the	 reoccurrence	 of	 serious	 genital	
infections	associated	with	SGLT-	2	inhibitors.12 Data	from	
several	 randomized	controlled	 trials	 (RCTs)	and	system-
atic	reviews	support	such	findings.13-	15	Specifically,	large	
RCTs	have	 found	between	a	3-		 to	5-	fold	 increase	 in	 risk	
of	 GTIs.13-	15	 Additionally,	 several	 observational	 studies	
using	 a	 variety	 of	 data	 sources,	 GTI	 definitions,	 and	 ex-
posure	contrasts	have	supported	an	increased	risk	associ-
ated	with	SGLT-	2	inhibitors,16-	24	albeit	only	one	of	which	
used	Canadian	data	and	was	limited	to	those	65 years	and	
older.18Moreover,	 several	of	 these	 studies	did	not	have	a	
comparator	 group21-	23	 were	 limited	 to	 specific	 or	 small	
populations18,20,22	 and	 follow-	up	 periods	 of	 6  months	 or	
less.18,20,24

Therefore,	the	aim	of	this	study	is	to	provide	additional	
population	based	real-	world	evidence	on	the	risk	of	GTI	
associated	 with	 the	 initiation	 of	 SGLT-	2	 inhibitors	 com-
pared	with	clinically	relevant	active	comparators.

2 	 | 	 METHODS

2.1	 |	 Study design, setting and 
population

This	was	a	population-	based	cohort	study	using	adminis-
trative	healthcare	data	from	Alberta,	Canada,	and	primary	
care	 clinical	 data	 from	 the	 United	 Kingdom's	 Clinical	
Practice	 Research	 Datalink	 (CPRD)	 GOLD.	 Alberta's	

administrative	 databases	 contain	 data	 from	 healthcare	
system	encounters	for	all	Alberta	residents	(>4 million).	
The	 CPRD	 contains	 data	 collected	 from	 more	 than	 950	
primary	 care	 practices,	 providing	 a	 representative	 sam-
ple	of	about	5%	of	the	UK	population.25-	29 Data	from	both	
sources	 are	 de-	identified	 individual-	level	 longitudinal	
data	 that	 have	 been	 validated	 and	 used	 extensively	 for	
research.26,27

From	these	data	sources,	we	identified	a	base	cohort	of	
new	users	of	metformin	monotherapy,	between	 January	
1,	 2012	 and	 March	 30,	 2018,	 in	 Alberta	 and	 January	 1,	
2005	and	November	29,	2018,	in	CPRD.	We	defined	new	
metformin	use	as	 first	use	without	a	prescription	record	
for	any	antihyperglycaemic	drug,	including	insulin,	in	the	
previous	365 days.	Included	users	were	adults	(≥18 years)	
with	at	least	1 year	of	continuous	data	before	the	first	met-
formin	prescription.

2.2	 |	 Exposure

From	 the	 new	 metformin	 users	 cohort,	 we	 identified	
the	 primary	 study	 cohort	 that	 included	 new	 users	 of	 an	
SGLT-	2	or	a	dipeptidyl	peptidase-	4	(DPP-	4)	inhibitor	be-
tween	January	1,	2013,	in	the	United	Kingdom	and	May	1,	
2014,	in	Canada	(market	entry	date)	and	October	31,	2019,	
in	CPRD	and	March	31,	2018,	in	Alberta	(study	end	date).	
Dispensing	records	from	Alberta	and	prescription	records	
from	CPRD	were	used	 to	capture	outpatient	medication	
use.	 We	 defined	 index	 date	 as	 the	 date	 of	 initiation	 of	
SGLT-	2	inhibitor	or	DPP-	4	inhibitor	and	used	an	as-	treated	
exposure	 definition.	 Specifically,	 person-	time	 exposure	
began	at	the	index	date	and	exposure	discontinuation	was	

Novelty Statement:
•	 In	five	comparative	cohorts,	new	use	of	SGLT-	2	

inhibitors	was	associated	with	two	to	four	times	
higher	risk	of	genital	tract	infections	compared	
with	other	classes	of	antihyperglycemic	classes.

•	 In	three	stratified	analyses,	findings	show	that	
all	 SGLT-	2	 inhibitor	 agents	 (canagliflozin,	 da-
pagliflozin	and	empagliflozin)	were	associated	
with	an	increased	risk	of	genital	tract	infections	
compared	to	DPP-	4	inhibitors.

•	 There	 was	 no	 evidence	 of	 effect	 modification	
of	the	risk	of	SGLT-	2	inhibitors	on	genital	tract	
infections	by	age,	sex,	HbA1c	level,	or	diabetes	
duration.

•	 These	results	were	consistent	across	a	range	of	
sensitivity	analyses.
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calculated	as	the	end	date	of	the	last	SGLT-	2	or	DPP-	4	in-
hibitor	 prescription	 plus	 a	 30-	day	 grace	 period.	 Gaps	 in	
therapy	were	allowed	for	our	primary	exposure	definition.	
Other	exposure	definitions	were	considered	in	our	sensi-
tivity	analyses.

Using	the	same	base	cohort	and	time	period,	we	also	
identified	four	other	secondary	new	user	cohorts:	SGLT-	2	
inhibitor	versus	sulfonylurea	(SU)	users;	SGLT-	2	inhibitor	
versus	 thiazolidinedione	 (TZD)	 users;	 SGLT-	2	 inhibitor	
versus	 glucagon-	like	 peptide-	1	 receptor	 agonist	 (GLP1-		
RA)	users,	and	SGLT-	2	inhibitor	versus	insulin	users.

For	our	main	analysis,	we	excluded	users	with	a	high	
risk	of	GTI.	Specifically,	those	with	a	previous	hospitaliza-
tion	record	of	balanitis,	vulvovaginal	candidiasis,	genital	
candidiasis,	vulvovaginitis,	vaginal	thrush,	bacterial	vagi-
nitis,	vulvitis	and	vulval	abscess,	phimosis,	paraphimosis	
and	 Fournier	 gangrene.	 We	 also	 excluded	 users	 with	 a	
history	of	regular	oral	corticosteroid	use	(>9	prescriptions	
in	a	12-	month	period)	regular	antibiotic	use	(>9	prescrip-
tions	in	a	12-	month	period)	or	any	biologics	or	antirejec-
tion	drug	use,	within	365 days	before	index	date.

2.3	 |	 Outcome

We	used	hospital,	emergency	department	 (Alberta	only)	
and	 physician	 visit	 records	 to	 define	 a	 composite	 GTI	
outcome,	 which	 included	 any	 of	 balanitis,	 vulvovaginal	
candidiasis,	 genital	 candidiasis,	 vulvovaginitis,	 vaginal	
thrush,	 bacterial	 vaginitis,	 vulvitis,	 and	 vulval	 abscess,	
phimosis,	 paraphimosis	 and	 Fournier	 gangrene.	 We	 re-
trieved	 hospital-	based	 diagnoses	 using	 International	
Classification	 of	 Diseases,	 10th	 revision	 (ICD-	10)	 codes	
and	medical	diagnoses	using	ICD-	9	in	Alberta	and	READ	
codes	in	CPRD.	A	detailed	list	of	all	diagnostic	codes	used	
is	available	in	Table	S1.

2.4	 |	 Statistical analysis

First,	we	matched	SGLT-	2	 inhibitor	new	users	 to	an	ac-
tive	 comparator	 (i.e.	 DPP-	4	 inhibitors	 new	 users	 in	 the	
primary	 cohort)	 based	 on	 the	 logit	 of	 high-	dimensional	
propensity	 scores	 (hd-	ps)	 in	 a	 1-	to-	1	 nearest-	neighbour	
greedy	 match.30-	32	 The	 hd-	ps	 was	 estimated	 by	 a	 multi-
variable	 logistic	 regression	 using	 variables	 derived	 from	
five	dimensions	(hospitalizations,	procedures,	medical	di-
agnoses,	prescription	medication	and	laboratory	records)	
during	the	year	before	index	date.	For	the	Alberta	analysis,	
emergency	department	visits,	were	also	added	as	a	sixth	
dimension.	From	each	dimension,	the	most	prevalent	200	
variables	were	identified,	of	which	500	were	included	in	

the	 final	 logistic	 model,	 along	 with	 several	 predefined	
variables,	such	as	sex,	age,	year	of	cohort	entry,	prescrip-
tion	drug	use,	co-	morbidities,	 laboratory	values	(HbA1c,	
eGFR,	lipid	levels),	physiological	(BMI	in	CPRD),	lifestyle	
indicators	(smoking	status	in	CPRD)	and	socioeconomic	
status	 based	 on	 the	 index	 of	 multiple	 deprivation	 from	
CPRD	 only.	 We	 assessed	 balance	 of	 baseline	 covariates	
after	matching	using	standardized	differences	with	>10%	
considered	as	unbalanced.33

Second,	we	used	standard	descriptive	statistics	to	com-
pare	 the	 characteristics	 of	 new	 SGLT-	2	 inhibitor	 users	
with	 their	 matched	 comparator.	 Third,	 we	 followed	 pa-
tients	from	their	exposure	index	date	until	the	earliest	of	
experiencing	the	outcome,	switching	from	SGLT-	2	inhib-
itor	to	comparator,	switching	from	comparator	to	SGLT-	2	
inhibitor,	 death,	 or	 cohort	 end	 date.	 Fourth,	 we	 used	 a	
conditional	 Cox	 proportional	 hazards	 regression	 model,	
that	is,	stratified	by	matched	pair,	to	compare	risk	of	each	
outcome	 in	 the	hd-	ps	matched	cohort	 (matched	model).	
Fifth,	we	further	adjusted	for	age,	sex,	and	the	use	of	other	
antihyperglycaemic	agents	in	the	year	prior	to	index	date	
(matched	 adjusted	 model).	 Sixth,	 we	 added	 interaction	
terms	between	the	exposure	variable	and	age,	sex,	diabe-
tes	duration	and	A1C	level,	to	assess	for	any	effect	modi-
fication.	A	p-	value	below	0.05	was	considered	statistically	
significant.	Last,	we	used	random	effects	model	to	meta-	
analyse	aggregate	data	from	each	database.34

As	a	 subgroup	analysis,	we	 stratified	 the	primary	co-
hort	 (SGLT-	2	 inhibitors	 matched	 to	 DPP-	4	 inhibitors)	
based	 on	 individual	 SGLT-	2	 inhibitor	 agents	 (canagli-
flozin,	dapagliflozin	and	empagliflozin).

We	conducted	 four	 types	of	 sensitivity	analyses	 to	 test	
the	robustness	of	our	findings.	First,	we	reran	our	primary	
comparator	analysis	using	different	exposure	definitions:(1)	
as-	treated	 exposure	 definition,	 whereby	 exposure	 was	
stopped	at	a	person's	first	gap	with	a	gap	being	considered	
more	than	30 days	between	the	last	day	supply	of	the	previ-
ous	prescription;	(2)	intention	to	treat	exposure	definitions	
with	a	maximum	follow-	up	of	180,	365	and	730 days;	 (3)	
time-	varying	exposure	definition.	Second,	we	reran	our	pri-
mary	and	secondary	comparator	analyses	analysis	using	a	
restricted	CPRD	GOLD	cohort	of	those	eligible	for	Hospital	
Episodes	 Statistics	 (HES)	 and	 death	 certificate	 records	
through	the	Office	of	National	Statistics	(ONS)	or	HES/ONS	
linkage.	(i.e.	patients	with	hospital	and	death	certificate	re-
cords).	Third,	we	repeated	the	main	analysis	for	the	primary	
and	secondary	cohorts	without	excluding	those	with	a	pre-
vious	hospitalization	record	indicating	a	GTI	or	those	who	
have	 used	 antibiotics	 or	 oral	 corticosteroids	 regularly	 or	
any	biologics	or	anti-	rejection	medications	within	365-	days	
prior	to	index	date.	Fourth,	we	ran	a	Cox	regression	model	
for	 the	primary	and	 secondary	cohorts	without	 the	 hd-	ps	
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matching	approach.	This	model	was	adjusted	for	age,	sex,	
diabetes	duration,	HbA1c	and	eGFR.

3 	 | 	 RESULTS

3.1	 |	 Study population

In	the	primary	cohort	(SGLT-	2	vs.	DPP-	4	inhibitors	users)	
we	identified	7744	new	SGLT-	2	inhibitor	users	and	12,996	
new	 DPP-	4	 inhibitor	 users	 in	 Alberta	 (Figure  1A)	 and	
8032	 new	 SGLT2	 inhibitor	 users	 and	 21,338	 new	 DPP-	4	
inhibitor	 users	 in	 CPRD	 (Figure  1B)	 over	 the	 study	 pe-
riod.	Of	 those,	we	matched	7538	SGLT-	2	 inhibitor	users	
in	 Alberta	 and	 7471	 in	 CPRD	 to	 DPP-	4	 inhibitor	 users.	
Matching	 resulted	 in	 two	 groups	 in	 both	 Alberta	 and	
CPRD	that	are	well-	balanced	on	baseline	patient	charac-
teristics	(Table 1).	Flow	diagrams	of	all	secondary	cohorts	
are	 reported	 in	 Figures  S1–	S4.	 Hd-	ps	 matching	 resulted	

in	balanced	groups	in	the	four	secondary	cohorts	(Tables	
S2–	S5).

3.2	 |	 Incidence of genital tract infection

For	 the	 primary	 cohort	 in	 Alberta,	 the	 crude	 incidence	
rates	(95%	CI)	per	1000	person-	years	of	GTI	in	SGLT-	2	in-
hibitor	users	was	33.39	(29.40,	37.77)	versus	14.31	(12.48,	
16.34)	 in	 DPP-	4	 inhibitor	 users.	 After	 hd-	ps	 matching,	
there	 were	 249	 GTI	 events	 over	 a	 mean	 of	 2.70  survival	
years	in	the	SGLT-	2	inhibitor	group	and	120	events	over	
3.12 years	in	the	DPP-	4	inhibitor	group.	The	matched	in-
cidence	rates	(95%	CI)	per	1000	person-	years	of	GTI	were	
33.58	 (29.54,	 38.02)	 for	 SGLT-	2	 inhibitors	 versus	 16.42	
(13.61,	19.33)	for	DPP-	4	inhibitors.

For	the	primary	cohort	in	CPRD,	the	crude	incidence	
rates	(95%CI)	per	1000	person-	years	 in	SGLT2	users	was	
36.08	 (32.70,	 39.71)	 versus	 11.19	 (10.16,	 12.30)	 in	 DPP-	4	

F I G U R E  1  (a)	Flow	diagram	to	identify	new	users	of	sodium	glucose	co-	transporter-	2	inhibitor	(SGLT2-	i)	inhibitors	and	dipeptidyl	
peptidase-	4	inhibitor	(DPP4-	i)	inhibitors	in	Alberta.	(b)	Flow	diagram	to	identify	new	users	of	sodium	glucose	co-	transporter-	2	inhibitor	
(SGLT2-	i)	inhibitors	and	dipeptidyl	peptidase-	4	inhibitor	(DPP4-	i)	inhibitors	in	Clinical	Practice	Research	Datalink

Alberta Cohort
[n=179,852]

Exclusion:
Insulin first [n=20,804]

SU first [n=8,044]
GLP1-RA first [n=9,314]
DPP4-i first [n=1,925] 

TZD first [n=793]
SGLT2 first [n=1,257]

Acarbose first [n=196] 
Megli�nide first [n=1,166] 

Combina�on use first [n=2,656]New Me�ormin Users
[n=133,697]

SGLT2-i vs DPP4-i cohort
(May 01/2014 – Mar 30/2018)

[n=21,217 ]

Exclusion*:  
1. Previous GTI [n=102] 

2.Regular use of an�bio�cs [n=208] 
3. Regular use of cor�costeriod [n=62] 
4.Any use of biologics and an�rejec�on 

medica�on [n=226] 

SGLT2-i vs DPP4-i Analy�cal cohort
[n=20,740 : 7,744 SGLT2-i and 12,996 DPP4-i]

SGLT2-i vs DPP4-i 
Matched cohort

[n=15,076]

Unmatched  
[n= 5,664: 206 SGLT2-i and 5,458 DPP4-i] 

*Persons may belong to >1 exclusion category.  

CPRD Gold Cohort
[n=226,811]

Exclusion:
Insulin first [n=11,723]

SU first [n=20,175]
GLP1 first [n=61]

DPP4 first [n=1,241] 
TZD first [n=418]

SGLT2 First [n=162]
Acarbose first [n=216] 

Megli�nides first [n=120] 
Combina�on use first [n=185]

New Me�ormin Users
[n=192,510]

SGLT2-i vs DPP4-i cohort
(Jan01/2013 – Oct 30/2019)

[n= 29,504]

Exclusion*:  
1. Previous GTI [n=157] 

2.Regular use of an�bio�cs [n=51] 
3. Regular use of cor�costeroid [n=39] 
4.Any use of biologics and an�rejec�on 

medica�on [n= 31] 

SGLT2-i vs DPP4-i Analy�cal cohort
[n= 29,370: 8,032 SGLT2-i and 21,338 DPP4-i] 

SGLT2-i vs DPP4-i 
Matched cohort

[n=14,942]

Unmatched  
[n=14,428: 561 SGLT2-i and 13,867 DPP4-i] 

*Persons may belong to >1 exclusion category.  

(a) (b)
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inhibitor	users.	After	hd-	ps	matching,	there	were	392	GTI	
events	over	a	mean	4.59 survival	years	in	the	SGLT-	2	in-
hibitor	group	and	141	events	over	4.94 years	in	the	DPP-	4	
inhibitor	 group.	 The	 matched	 incidence	 rates	 (95%	 CI)	
per	 1000	 person-	years	 of	 GTI	 were	 35.66	 (32.22,	 39.37)	
for	 SGLT-	2	 inhibitors	 vs	 13.31	 (11.20,	 15.70)	 for	 DPP-	4	
inhibitors.

For	all	secondary	cohorts,	the	crude	and	matched	inci-
dence	rates	of	GTI	are	reported	in	Table 2.

3.3	 |	 Risk of GTI in SGLT- 2 
inhibitors compared with other 
antihyperglycaemic classes

Compared	 with	 DPP-	4	 inhibitors,	 results	 summarized	
in	Figure 2 show	that	SGLT-	2	inhibitors	were	associated	
with	an	increase	in	the	risk	for	GTI	(pooled	HR,	2.68	[CI,	
2.19	to	3.28]).	The	risk	of	GTI	in	SGLT-	2	 inhibitor	users	
remained	significantly	higher	than	DPP-	4	inhibitor	users	
after	further	adjustment	for	age,	sex,	and	previous	use	of	
other	antihyperglycemic	agents	(pooled	HR,	2.60	[CI,	1.88	
to	3.58])	(Figure 3).	This	increased	risk	was	also	observed	
after	 varying	 the	 exposure	 definition	 (Table  3).	 No	 evi-
dence	of	effect	modification	by	age	(P-	value	for	the	inter-
action	term	in	CPRD;	Alberta	were = (0.310;	0.491),	sex	
(0.644;	0.900),	HbA1c	(0.990;	0.535)	or	diabetes	duration	
(0.528;	0.392)	were	observed.

Our	stratified	analysis	shows	that	all	SGLT-	2	inhibitor	
agents	 were	 significantly	 associated	 with	 an	 increased	
risk	of	GTI	compared	with	DPP-	4	inhibitors:	canagliflozin	
(pooled	 HR,	 3.99	 [CI,	 2.14	 to	 7.42])	 and	 dapagliflozin	
(pooled	 HR,	 2.40	 [CI,	 1.68	 to	 3.43])	 and	 empagliflozin	
(pooled	HR,	2.32	[CI,	0.97	to	5.57]),	albeit	the	lower	limit	
of	the	confidence	interval	for	empagliflozin	is	marginally	
below	1.

Compared	with	other	antihyperglycaemic	comparators,	
Figure 2 shows	that	the	risk	of	GTI	was	also	significantly	
higher	 for	 the	 SGLT-	2	 inhibitor	 group	 in	 the	 SU	 cohort	
(pooled	HR,	3.29	[CI,	2.62	to	4.13]),	TZD	cohort	(pooled	
HR,	4.17	[CI,	2.46	to	7.08]),	GLP1-	RA	cohort	(pooled	HR,	
2.51	 [CI,	 1.90	 to	 3.31])	 and	 insulin	 cohort	 (pooled	 HR,	
1.86	[CI,	1.27	to	2.73]).	The	overall	associations	for	most	
cohorts	were	not	affected	by	further	adjustments	of	age,	
sex	and	previous	use	of	other	antihyperglycaemic	agents	
(Figure 3).

Compared	with	all	comparators,	results	did	not	differ	
when	we	restricted	the	CPRD	GOLD	cohort	to	those	eli-
gible	for	HES/ONS	linkage,	albeit	with	wider	confidence	
intervals	 in	 the	CPRD	analysis	due	 to	 the	smaller	popu-
lation	(Figure 4).	Similarly,	the	inclusion	of	those	with	a	
history	of	GTI,	chronic	use	of	corticosteroids	or	antibiot-
ics	or	any	use	of	biologics/antirejection	medications	led	to	

similar	overall	results	(Figure	S5).	Lastly,	the	use	of	a	more	
simplified	Cox	model	also	showed	a	higher	risk	of	GTI	as-
sociated	 with	 SGLT-	2	 inhibitors	 used	 in	 all	 comparator	
cohorts;	however,	with	slightly	lower	estimates	compared	
with	the	hd-	ps	matched	model	(Figure	S6).

4 	 | 	 DISCUSSION

We	examined	the	GTI	risk	associated	with	the	initiation	of	
SGLT-	2	inhibitors	among	metformin	new	users	in	Alberta	
and	 the	 United	 Kingdom,	 compared	 with	 five	 clinically	
relevant	active	comparators.	Our	analysis	shows	that	the	
initiation	 of	 SGLT-	2	 inhibitors	 is	 associated	 with	 an	 in-
creased	risk	of	GTI	compared	with	DPP-	4	inhibitors,	SU,	
TZD,	GLP1-	RA	and	insulin	across	two	databases.

Our	 analysis	 suggests	 a	 potential	 for	 intra-	class	 vari-
ability	in	risk	across	agents,	wherein	the	point	estimate	for	
dapagliflozin	 was	 slightly	 lower	 compared	 with	 canagli-
flozin.	The	estimate	for	empagliflozin	was	the	lowest	and	
did	not	 reach	statistical	 significance,	albeit	with	a	 lower	
confidence	 limit	marginally	 less	 than	1.	Risk	differences	
among	the	SGLT-	2	inhibitor	agents	have	been	reported	in	
a	systematic	review	and	meta-	analysis	of	RCTs,	wherein	
a	 subgroup	analysis	by	 type	of	 individual	SGLT-	2	 inhib-
itors	showed	a	statistically	significant	difference	 in	GTIs	
(relative	 risk	 [95%CI]	 4.45	 [3.49,	 5.67]	 for	 canagliflozin;	
3.22	 [1.95,	 5.32]	 for	 dapagliflozin;	 3.14	 [2.29,	 4.30]	 for	
empagliflozin.14

Biological	 hypotheses	 indicate	 a	 possible	 effect	 mod-
ification	 by	 sex	 due	 to	 the	 activity	 of	 oestrogen	 on	 the	
vaginal	mucosa	in	women	of	reproductive	age	or	women	
using	 oral	 contraceptive	 or	 hormone	 replacement	 ther-
apy	,	which	can	increase	candida	growth	conditions,	pre-
disposing	 colonization	 and	 infection.7,21	 A	 cohort	 study	
found	an	increased	risk	of	genitourinary	infections	asso-
ciated	with	 the	use	of	SGLT-	2	 inhibitors	compared	with	
DPP-	4	inhibitors	in	women.21 This	increased	risk	was	pre-
dicted	by	younger	age	and	oestrogen	therapy.21	However,	
our	results	did	not	support	an	effect	modification	by	sex.	
This	is	consistent	with	evidence	from	RCTs14	and	another	
observational	study.18

Our	 analysis	 is	 the	 first	 to	 use	 population-	based	
Canadian	data,	without	any	age	restrictions,18	 to	assess	
the	 association	 between	 SGLT-	2	 inhibitors	 and	 a	 broad	
definition	 of	 GTIs.	 Furthermore,	 the	 use	 of	 primary	
care	data	from	the	UK	allowed	for	further	adjustment	of	
physiological	and	life-	style	 indicators,	such	as	BMI	and	
smoking.	Further,	this	analysis	differs	from	other	obser-
vational	 studies	 in	 the	 availability	 of	 lab	 measurement	
data,	 which	 can	 capture	 unique	 proxies	 of	 confound-
ing,	such	HbA1c,	kidney	 function	 test,	and	 lipid	 levels.	
Moreover,	 we	 have	 used	 a	 broad	 GTI	 definition	 that	 is	
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not	 restricted	 to	 severe	 infections	 leading	 to	 hospital	
admission.	 Although	 the	 primary	 exposure	 contrast	 of	
SGLT-	2	 inhibitor	 versus	 DPP-	4	 inhibitor	 has	 been	 used	

in	other	observational	studies,16-	18	this	analysis	provides	
estimates	 using	 four	 other	 antihyperglycaemic	 agents.	
The	twofold	increase	in	the	risk	of	GTI	associated	with	

T A B L E  2 	 Crude	and	matched	incidence	rate	(IR)	and	95%	confidence	intervals	(95%CI)	per	1,000	person-	years	of	genital	tract	infection

Exposure cohort

Alberta cohort Clinical practice research datalink cohort

Crude estimates Matched estimates Crude estimates Matched estimates

IR 95% CI IR 95% CI IR 95% CI IR 95% CI

SGLT-	2	inhibitors 33.39 29.40–	37.77 33.58 29.54–	38.02 36.08 32.70	–		39.71 35.66 32.27	–		39.37

DPP-	4	inhibitors 14.21 12.48–	16.34 16.42 13.61–	19.33 11.19 10.16	–		12.30 13.31 11.21	–		15.70

SGLT-	2	inhibitors 33.42 29.54–	37.67 32.40 28.46–	36.74 36.81 33.48	–		40.38 33.67 30.23	–		37.39

SU 15.38 13.65–	17.27 13.30 10.78–	16.25 10.70 9.70	–		11.77 11.73 9.75	–		13.99

SGLT-	2	inhibitors 34.10 30.95–	37.48 31.17 18.47–	49.26 35.40 33.03	–		37.90 29.50 23.95	–		35.96

TZD 16.92 7.31–	33.35 11.23 3.65–	26.21 10.16 7.04	–		14.20 9.45 6.17	–		13.85

SGLT-	2	inhibitors 32.05 28.85–	35.50 41.29 34.35–	49.23 34.54 32.19	–		37.02 37.50 31.90	–		43.80

GLP1-	RA 20.67 15.95–	26.34 18.88 13.87–	25.10 16.58 12.90	–		20.98 15.83 12.02	–		20.47

SGLT-	2	inhibitors 32.37 29.09–	35.96 33.14 28.25–	38.63 26.77 25.03	–		28.60 27.16 23.86	–		30.79

Insulin 22.69 19.56–	26.18 20.50 16.85–	24.70 17.13 14.91	–		19.60 14.89 14.13	–		18.09

F I G U R E  2  Pooled	hazard	ratio	for	genital	tract	infections	across	databases,	using	matched	only	Cox	model	without	further	adjustments.	
Abbreviations:	DPP4-	i,	dipeptidyl	peptidase-	4	inhibitor;	SGLT2i,	sodium	glucose	co-	transporter-	2	inhibitor;	SU,	sulfonylurea;	TZD,	
thiazolidinediones;	GLP1,	glucagon-	like	peptide	1	receptor	agonist;	HR,	hazard	ratio;	CI,	confidence	interval
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the	use	of	SGLT-	2	inhibitors	compared	with	DPP-	4	inhib-
itors	 observed	 in	 our	 analysis	 is	 consistent	 with	 results	
from	 previous	 observational	 studies,	 wherein	 the	 risk	
estimates	ranged	between	a	 two-		 to	 threefold	 increased	

risk.16-	18  This	 not	 only	 complements	 the	 already	 exist-
ing	evidence	but	also	provides	clinicians	with	additional	
safety	data	regarding	GTI	compared	with	other	clinically	
relevant	active	comparators.

F I G U R E  3  Pooled	hazard	ratio	for	genital	tract	infections	across	databases,	using	matched	Cox	model	with	further	adjustment	for	
age,	sex	and	previous	use	of	other	diabetes	medications.	Abbreviations:	DPP4-	i,	dipeptidyl	peptidase-	4	inhibitor;	SGLT2i,	sodium	glucose	
co-	transporter-	2	inhibitor;	SU,	sulfonylurea;	TZD,	thiazolidinediones;	GLP1,	glucagon-	like	peptide	1	receptor	agonist;	HR,	hazard	ratio;	
CI,	confidence	interval

T A B L E  3 	 Random	effects	pooled	hazard	ratios	for genital	tract	infection among	SGLT-	2	inhibitor	users	compared	with	DPP-	4	
inhibitor	users,	using	matched	only	Cox	model	without	further	adjustment	and	Cox	model	adjusted	for	age,	sex	and	use	of	other	diabetes	
medications,	after	varying	the	exposure	definition

Exposure definition

Matched only Adjusted

Pooled HR 95% CI Pooled HR 95% CI

As-	treated	exposure	definition	without	allowing	any	
gaps	in	exposure

2.97 2.23–	3.96 2.89 1.90–	4.40

Intention	to	treat	exposure	definitions	with	a	maximum	
follow-	up	of	180 days

2.82 1.97–	4.03 2.74 1.77–	4.24

Intention	to	treat	exposure	definitions	with	a	maximum	
follow-	up	of	365 days

2.58 1.91–	3.50 2.58 1.84–	3.63

Intention	to	treat	exposure	definitions	with	a	maximum	
follow-	up	of	730 days

2.49 2.05–	3.04 2.45 1.89–	3.19

Time-	varying	exposure	definition 2.87 2.38–	3.46 2.64 1.99–	3.52
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Although	 this	 study	supports	existing	evidence	of	 in-
creased	GTI	risk	among	SGLT-	2	inhibitors,	 it	has	limita-
tions.	 Misclassification	 of	 drug	 exposure	 that	 was	 based	
on	 prescription	 (CPRD)	 and	 dispensing	 (AB)	 records	 is	
possible.	 Misclassification	 of	 the	 outcome	 is	 also	 possi-
ble	 since	 the	 outcome	 definition	 used	 has	 not	 been	 val-
idated	 in	 either	 Alberta	 or	 CPRD,	 albeit	 the	 diagnostic	
codes	 were	 used	 in	 existing	 literature.	 Nevertheless,	 the	
use	 of	 READ	 codes	 in	 CPRD	 can	 possibly	 impact	 the	
ability	to	optimally	capture	GTI	events.	Additionally,	self-	
managed	GTIs	wherein	medical	care	was	not	sought	are	
not	 captured.	 However,	 if	 present	 these	 non-	differential	
misclassifications	of	the	exposure	or	the	outcome	would	
bias	results	toward	the	null.	The	influence	of	unmeasured	
confounding	cannot	be	 ruled	out,	despite	our	 restrictive	
active	 comparator	 new	 user	 design	 among	 new	 users	 of	
metformin	and	high	dimensional	propensity	score	match-
ing.	Lastly,	our	study	had	limited	power	to	detect	a	narrow	
definition	 of	 GTI	 based	 on	 hospitalizations	 only.	 Future	
analysis	using	larger	data	sets	to	explore	the	stratified	risk	

of	each	type	of	GTI	as	well	as	the	potential	impact	on	an-
tibiotic	use	will	be	useful.

5 	 | 	 CONCLUSIONS

Using	 real-	world	 data	 from	 two	 sources,	 we	 found	 an	
increased	 risk	 of	 GTI	 associated	 with	 the	 initiation	 of	
SGLT-	2	 inhibitors	 compared	 to	 DPP-	4	 inhibitors,	 SU,	
TZD,	GLP1-	RA	and	insulin	initiation.	Minimal	intraclass	
variation	in	the	magnitude	of	the	increased	risk	was	ob-
served	 with	 the	 initiation	 of	 different	 SGLT-	2	 agents.	
These	 findings	 from	 real	 world  data	 are	 consistent	 with	
those	from	placebo-	controlled	RCTs.
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