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Abstract
The	aim	was	to	identify	sex-	specific	factors	linked	with	oral	anticoagulant	initiation	
in	a	cohort	of	patients	with	atrial	fibrillation	using	administrative	data	from	Quebec	
(Canada)	 between	 2014	 and	 2017.	 Cohort	 entry	 defined	 as	 new	 users,	 that	 is,	 no	
claims	in	last	12 months,	a	cohort	of	32 050	patients	was	stratified	in	two	groups,	that	
is,	women	and	men.	Multivariable	 regression	models	were	used	 to	 identify	 factors	
of	 initiations	for	 low-		and	standard-	dose	direct	oral	anticoagulants	 (DOACs)	versus	
warfarin,	 and	 low-		 versus	 standard-	dose	DOACs.	 In	 both	 sexes,	warfarin	 initiation	
decreased	and	DOAC	initiation	increased,	with	year	of	initiation	as	major	factors	of	
DOACs	use.	 In	2017,	the	increase	was	of	2-		to	4-	fold	and	3-		to	8-	fold	for	 low-		and	
standard-	dose	DOACs	(vs.	warfarin),	respectively.	The	proportion	of	patients	start-
ing	on	a	low-	dose	DOAC	was	higher	in	women	than	men.	Older	age	for	both	sexes	
and	CHADS2	score	≥2	(only	women)	were	major	factors	of	low-	dose	dabigatran	and	
rivaroxaban	versus	warfarin	use.	The	only	significant	factor	of	standard-	dose	DOAC	
versus	warfarin	use	was	age	of	65–	79	for	women	or	men	treated	with	apixaban	by	
1.8-		and	1.4-	fold,	respectively.	Factors	that	made	women	and	men	less	likely	to	re-
ceive	a	standard-	dose	DOAC	versus	warfarin	were	higher	CHADS2	(for	dabigatran	and	
rivaroxaban),	HAS-	BLED	and	 frailty	 scores,	 prior	 coronary	disease,	major	bleeding,	
and	chronic	kidney	disease	(CKD)	status.	The	choice	of	a	low-		versus	standard-	dose	
DOAC	was	mainly	driven	by	age	and	CKD,	and	higher	CHADS2	score	(for	dabigatran	
and	apixaban)	for	both	sexes.
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1  |  INTRODUC TION

Sex-	specific	 differences	 have	 been	 observed	 in	 the	 epidemiology	
of	atrial	 fibrillation	 (AF)	 (i.e.,	a	 lower	prevalence	and	 later	onset	 in	
women),	its	pathophysiology	(i.e.,	sex-	related	differences	in	AF	trig-
gers	 and	 substrates),	 and	 its	 clinical	 presentation	 (i.e.,	women	 are	
more	likely	to	be	symptomatic	and	have	more	severe	symptoms).1,2 
With	 a	 view	 to	 developing	 sex-	specific	 recommendations,	 the	
European	and	Canadian	Society	of	Cardiology's	2020	guidelines	on	
the	diagnosis	and	management	of	AF	emphasized	the	importance	of	
reporting	sex-	specific	analyses	of	the	efficacy	and	safety	of	preven-
tive interventions.3,4

The	 literature	data	have	highlighted	 sex-	specific	differences	 in	
the	 quality	 and	 efficacy	 of	 oral	 anticoagulant	 (OAC)	 treatment.5,6 
The	 stroke	 risk	 (as	 evaluated	 by	 the	 CHA2DS2-	VASc	 score)	 is	 sig-
nificantly	 higher	 for	 women	with	 AF	 than	 for	 their	 men	 counter-
parts, regardless of the age and comorbidity profile in contrast to 
the	 CHADS2 score.5,7–	9	 Regardless	 or	 not	 of	 the	 CHA2DS2-	VASc	
score, however, it has been reported that women are significantly 
less	likely	to	receive	OACs.10–	12	A	recent	publication	demonstrated	
that	 in	real	 life	 (and	 in	contrast	to	the	data	from	randomized	clini-
cal	trials),	women	with	AF	are	more	likely	to	receive	low-	dose	direct	
oral	anticoagulants	(DOACs)	than	standard-	dose	DOACs.13	And,	the	
net	benefit	of	low-	dose	DOACs	compared	to	warfarin	seems	to	vary	
from	one	DOAC	to	another.14	Again,	a	recent	systematic	review	of	
observational	 studies	 versus	 randomized	 clinical	 trials,	 the	 higher	
risk	profiles	of	AF	patients	in	clinical	practice	treated	with	apixaban	
2.5	mg	(vs.	5	mg)	may	explain	(i)	the	higher-	than-	expected	thrombo-
embolic event, major bleeding, and mortality rates in the clinic.15 So, 
it	is	not	yet	clear	whether	(i)	this	sex-	specific	difference	in	OAC	use	is	
due to the comorbidity profile, the fragility profile, or to concomitant 
medications,	and	(ii)	DOAC	dose	reduction	is	appropriate	or	not.

The	2018	American	College	of	Chest	Physicians	Guideline	and	
Expert	 Panel	 Report	 gave	 recommendations	 on	 DOACs	 for	 vari-
ous	subgroups	of	patients	with	AF.16	For	instance,	based	on	expert	
opinion,	standard-	dose	of	dabigatran	 is	recommended	for	patients	
with recurrent thrombosis events, and apixaban is recommended for 
patients	at	high	risk	of	gastrointestinal	bleeding.	Furthermore,	 the	
European	2021	guidelines	maintained	that	the	DOAC	dose	should	
be	selected	as	a	function	of	the	patient's	age,	renal	function,	weight,	
concomitant medications, and body mass index.3 Prescribing an 
OAC	 for	 AF	 should	 be	 individualized	 and	 should	 take	 account	 of	
the	 patient's	 clinical	 history	 and	 preferences.	 However,	 a	 recent	
systematic review of observational studies reported that close to 
50%	of	patients	 receiving	 low-	dose	apixaban	do	not	meet	at	 least	
two	of	three	clinical	characteristics	(age ≥ 80,	creatinine	≥1.5	mg/dl,	
and	body	weight ≤ 60 kg).15 Giving the paucity of data assessing the 
factors	 associated	with	 the	 initiation	of	OAC	prescriptions	 among	
women and men, according to the specific agent and the dose se-
lection, further research is therefore needed to assess prescribing 
patterns	for	individual	DOACs	and	warfarin,	and	also	the	factors	as-
sociated with dose selection in clinical practice where there are no 
potential barriers for prescribers.

Thus, the primary objective of the present observational study 
was	to	assess	the	trend	of	use	from	2014	to	2017,	and	to	 identify	
demographic	 and	 clinical	 factors	 including	 CHADS2	 and	 HAS-	
BLED	 scores	 of	 low-	dose	 DOACs	 (dabigatran	 110 mg	 twice	 daily,	
rivaroxaban	15 mg	once	daily	and	apixaban	2.5	mg	twice	daily)	and	
standard-	dose	DOACs	 (dabigatran	150 mg	twice	daily,	 rivaroxaban	
20 mg	 once	 daily	 and	 apixaban	 5	mg	 twice	 daily)	 initiation	 versus	
warfarin	initiation,	and	low-	dose	versus	standard-	dose	DOACs	ini-
tiation	among	women	and	men	in	a	cohort	of	AF	patients	treated	in	
Quebec,	Canada.

2  |  MATERIAL AND METHODS

2.1  |  Data source

We	built	a	cohort	of	patients	with	AF	from	administrative	databases	
(hospital	discharge	data	from	Med-	Echo	and	the	Régie de l'Assurance 
Maladie du Québec	[RAMQ]	medical	services;	and	RAMQ	public	drug	
plan)	administered	by	the	RAMQ	(Table	S1).17–	19 The databases were 
linked through encrypted health insurance numbers; together, they 
provided a complete picture of hospital admissions. The protocol was 
approved	by	an	institutional	review	board	(University	of	Montreal).

2.2  |  The population- based cohort

We conducted a retrospective analysis of prescription claims be-
tween	January	1,	2014,	and	December	31,	2017,	by	adult	patients	
(≥18 years	of	age)	diagnosed	with	AF	(according	to	the	International	
Classification	of	Diseases	[ICD]-	9	codes	427.3,	427.31	or	427.32,	or	
the	ICD-	10	code	I48).20 Previous validation studies have shown that 
ICD-	9	codes	identify	cases	of	AF	accurately,	with	a	median	positive	
predictive	value	of	at	least	89%.21

Thereafter,	 we	 stratified	 the	 cohort	 into	 sub-	groups,	 that	 is,	
women and men. We then identified women and men who received 
a	new	prescription	of	apixaban	 (2.5	or	5	mg),	dabigatran	 (110	and	
150 mg),	 rivaroxaban	 (15	 or	 20 mg),	 or	 warfarin	 over	 the	 period	
2014–	2018.	We	considered	only	new	users,	 that	 is,	users	with	no	
OAC	prescriptions	 in	 the	12 months	preceding	 the	 index	prescrip-
tion. The baseline period was defined for patients who had phar-
macy	 coverage	 for	 12 months	 and	were	 continually	 enrolled	 in	 an	
insurance	drug	plan	for	at	least	1 year	before	the	index	date.	The	AF	
had	to	be	diagnosed	in	the	12 months	prior	to	OAC	initiation.

We excluded patients diagnosed with deep venous thrombosis 
or	pulmonary	embolism	(as	a	primary	or	secondary	diagnosis)	in	the	
year preceding the claim date index. We next excluded patients hav-
ing	undergone	cardiac	valve	replacement	in	the	5 years	before	cohort	
entry,	and	those	with	end-	stage	chronic	kidney	disease	(CKD),	a	kid-
ney	transplant,	or	dialysis	for	at	least	3 months	in	the	3 years	before	
cohort	entry.	Patients	with	a	coagulation	deficiency	 in	 the	3 years	
preceding	the	index	date	were	subsequently	excluded.	Lastly,	we	ex-
cluded patients having undergone hip or knee replacement surgery 
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in	the	6 weeks	prior	to	the	index	date	or	certain	medical	procedures	
(cardiac	 catheterization,	 stent	 placement,	 coronary	 artery	 bypass	
graft, cerebrovascular procedures, valve replacement procedures, 
or	defibrillator	placement)	in	the	3 months	prior	to	the	index	date.

2.3  |  Outcomes

The	 primary	 outcome	was	 the	 choice	 of	OAC	 (warfarin,	 low-	dose	
DOAC,	 or	 standard-	dose	 DOAC)	 initiated,	 according	 to	 the	 first	
claim on the index date.

2.4  |  Factors of OAC choice at treatment initiation

The demographic and clinical factors of drug choice initiation con-
sidered	here	were	age	group	(65–	79	vs.	≥80	vs.	<65),	the	CHADS2 
score	(≥2	vs.	<2),	the	HAS-	BLED	score	(≥3	vs.	<3),	frailty	score	(≥9	
vs. <9),	coronary	artery	disease	(CAD)	(including	myocardial	infarc-
tion),	 stroke	 (including	 transient	 ischemic	 attack),	 major	 bleeding,	
antiplatelet	agent	use	(including	acetylsalicylic	acid	use),	and	CKD.

2.5  |  Demographic and clinical characteristics of  
the study population

Whereas demographic variables were recorded at cohort entry, comor-
bidities	were	evaluated	during	the	3 years	preceding	the	index	date.	We	
used	the	patients'	characteristics	and	associated	comorbidities	to	as-
sess	the	CHADS2	score	and	the	modified	HAS-	BLED	score

22–	24 within 
the	3 years	preceding	the	index	date	(Tables	S2–	S4).	The	Charlson-	Deyo	
Comorbidity Index was considered as a marker of comorbidities25,26 
and	was	also	evaluated	within	the	3 years	preceding	the	index	date.	We	
also determined a frailty score; this was an adaptation of the Elders 
Risk	Assessment	Index,	which	rates	multidimensional	risk	factors	(with	
social, psychological, biological, clinical, cognitive, and environmen-
tal	components)	over	the	2 years	prior	to	cohort	entry	(Table	S5).27,28 
Finally,	CKD	was	determined	using	a	validated	algorithm.29	CKD	stage	
was defined by a composite variable covering the ICD code, drug use, 
and	consultations	with	a	nephrologist	(as	identified	in	the	administra-
tive	databases).	This	composite	variable	has	been	validated,	with	refer-
ence	to	medical	chart	reviews	of	older	adults	with	CKD	(the	algorithm	
used	 for	estimated	glomerular	 filtration	 rate	 [eGFR]	definition	had	a	
positive	predictive	value	ranging	from	94.5%	to	97.7%).

Lastly,	 we	 assessed	 prescriptions	 filled	 in	 the	 one-	month	 pre-
ceding	 cohort	 entry.	 Many	 of	 the	 medications	 were	 investigated	
because	they	are	known	to	interact	with	OACs	(Table	S6).30–	32 But, 
giving the low prevalence of major drug interactions, they were not 
assessed	 as	 determinants	 of	OAC	 use	 (Tables 3–	5; Tables S7–	S9).	
Although	data	on	aspirin	fulfillments	were	recorded,	unaccounted-	
for	 over-	the-	counter	 use	may	 limit	 the	 value	 of	 this	 variable.	 The	
physician	who	prescribed	the	OAC	at	the	index	date	was	classified	as	
a cardiologist, a primary care physician, or another type of physician.

2.6  |  Statistical analyses

To	 illustrate	 time	 trends	 in	OAC	use	 by	men	 and	by	women,	we	
plotted	the	number	of	claims	per	year	from	2014	to	2017.	We	used	
descriptive	statistics	to	summarize	the	patients'	demographic	and	
clinical	characteristics	as	a	function	of	the	 initiated	OAC	and	the	
sex. The association between the factors at the baseline and the 
initiation	of	a	DOAC	was	analyzed	using	a	multivariable	(adjusted)	
logistic	regression	calculating	adjusted	odds	ratios	(aORs)	and	as-
sociated	95%	confidence	 intervals	 (CIs)	 among	women	and	men.	
The	models	were	 as	 follows:	 three	models	 (dabigatran,	 rivaroxa-
ban,	apixaban)	 for	the	determinants	of	 low-	dose	DOAC	initiation	
versus	warfarin	(reference),	three	other	models	(dabigatran,	rivar-
oxaban,	 apixaban)	 for	 the	 determinants	 of	 standard-	dose	DOAC	
initiation	 versus	 warfarin	 (reference),	 and	 finally	 three	 models	
for	 the	determinants	of	 low-	dose	 initiation	versus	standard-	dose	
DOAC.	All	these	models	were	performed	for	women	and	for	men.	
We	also	provided	the	univariable	(crude)	logistic	regression	for	the	
analyses.	All	analyses	were	conducted	using	SAS	software	(version	
9.4).

3  |  RESULTS

3.1  |  Overall time trends

A	total	of	32 050	patients	(including	16 896	women,	53.0%)	filled	out	
a	new	OAC	prescription	between	2014	and	2017	(Figure 1).	For	both	
sexes, the proportion of patients starting on warfarin decreased 
during	the	study	period	(Figure 2).	In	2017,	the	most	frequently	initi-
ated	drug	was	apixaban	5	mg	(in	41.0%	of	women	and	45.0%	of	men).	
In	contrast	to	other	DOACs,	initiation	with	apixaban	5	mg	doubled	
between	2014	and	2017.

3.2  |  Baseline demographic and clinical 
characteristics of women with AF

Of	the	16 896	women	with	AF	(mean ± standard	deviation	[SD]	age:	
79.5 ± 9.1),	2925	(17.3%)	started	on	warfarin,	4904	(29.0%)	started	
on	a	low-	dose	DOAC,	and	9067	(53.7%)	started	on	a	standard-	dose	
DOAC.	Women	using	warfarin	were	older	 (81.9 ± 9.3 years	 of	 age)	
than	women	using	a	standard-	dose	DOAC	(between	71.4 ± 7.0	and	
76.7 ± 8.0 years	of	age)	(Table 1).	In	contrast,	the	mean ± SD	CHADS2 
score	 (2.6 ± 1.3)	 and	 HAS-	BLED	 score	 (3.1 ± 1.4)	 in	 women	 using	
warfarin	were	similar	to	those	observed	in	women	using	a	low-	dose	
DOAC	(2.3 ± 1.1	to	2.5 ± 1.1	and	2.3 ± 1.3	to	2.7 ± 1.3,	respectively)	
but	 higher	 than	 those	 observed	 in	 women	 using	 a	 standard-	dose	
DOAC	(1.5 ± 1.2	to	2.0 ± 1.2	and	2.0 ± 1.1	to	2.4 ± 1.3,	respectively).	
Among	 the	 women,	 the	 mean ± SD	 Charlson	 score	 was	 higher	 in	
warfarin	 users	 (4.4 ± 3.4)	 than	 in	 low-	dose	 (between	 2.8 ± 2.8	 and	
3.5 ± 3.1)	and	standard-	dose	(between	2.2 ± 2.8	and	3.0 ± 3.1)	DOAC	
users.



4 of 17  |     LENGLET et al.

On	average,	women	using	a	low-	dose	DOAC	were	10 years	older	
than	women	using	a	standard-	dose	DOAC.	The	mean	CHADS2 score 
was	higher	in	women	using	low-	dose	DOACs	(between	2.3	and	2.5),	
than	in	women	using	standard-	dose	DOACs	(between	1.5	and	2.0);	
the	same	was	true	for	the	HAS-	BLED	scores	(2.3	to	2.7	and	2.0	to	
2.4,	respectively)	and	the	Charlson	scores	(2.8	to	3.5	and	2.2	to	3.0,	
respectively).	Medication	use	and	healthcare	service	use	of	women	
are shown in Table S10.

3.3  |  Baseline demographic and clinical 
characteristics of men with AF

Of	the	15 154	men	with	AF	(mean ± SD	age:	75.9 ± 9.5)	 included	 in	
the	study,	2360	 (15.6%)	started	on	warfarin,	2520	 (16.6%)	started	
on	 a	 low-	dose	DOAC,	 and	 10	 274	 (67.8%)	 started	 on	 a	 standard-	
dose	DOAC.	Men	using	warfarin	were	older	(78.7 ± 9.4 years	of	age)	
than	 men	 using	 a	 standard-	dose	 DOAC	 (between	 69.8 ± 7.4	 and	

F I G U R E  1 Study	flowchart.	AF,	atrial	fibrillation;	DOACs,	direct	oral	anticoagulants;	RAMQ,	Régie de l'assurance maladie du Québec.
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75.1 ± 8.6 years	of	age)	(Table 2).	In	contrast,	the	mean ± SD	CHADS2 
score	(2.6 ± 1.3)	and	HAS-	BLED	score	(3.1 ± 1.5)	 in	men	using	war-
farin	 slightly	 differ	 with	 regard	 to	 low-	dose	 DOAC	 (2.3 ± 1.2	 to	
2.6 ± 1.2	and	2.4 ± 1.3	to	2.9 ± 1.4,	respectively)	but	were	substan-
tially	different	from	those	using	a	standard-	dose	DOAC	(1.4 ± 1.1	to	
1.9 ± 1.3	and	1.8 ± 1.1	 to	2.4 ± 1.3,	 respectively).	Men	using	a	 low-	
dose	DOAC	and	men	using	a	 standard-	dose	DOAC	differ	with	 re-
gard	to	the	mean	CHADS2	score	or	the	mean	HAS-	BLED	score.	The	
mean ± SD	 Charlson	 score	was	 higher	 in	warfarin	 users	 (5.2 ± 3.8)	
than	 in	 low-	dose	 (between	 3.6 ± 3.6	 and	 4.8 ± 3.6)	 and	 standard-	
dose	(between	2.7 ± 3.0	and	3.5 ± 3.3)	DOAC	users.

On	 average,	men	using	 a	 low-	dose	DOAC	were	10 years	 older	
than	men	using	a	 standard-	dose	DOAC.	The	mean	CHADS2 score 
was	higher	 in	men	using	 low-	dose	DOACs	 (between	2.3	 and	2.6),	

than	in	men	using	standard-	dose	DOACs	(between	1.4	and	1.9);	the	
same	was	true	for	the	HAS-	BLED	scores	(2.4	to	2.9	and	1.8	to	2.4,	
respectively)	and	the	Charlson	scores	(3.6	to	4.8	and	2.7	to	3.5,	re-
spectively).	Medication	use	and	healthcare	service	use	of	men	are	
shown in Table S11.

3.4  |  Factors associated with DOAC versus  
warfarin

As	shown	 in	Table 3	 (crude	estimates	 in	Tables	S7–	S8),	one	of	 the	
major	factors	of	DOAC	initiation	versus	warfarin	among	women	was	
the	year	of	initiation	for	low-	dose	DOAC	and	standard-	dose	DOAC,	
where	the	aORs	ranged	from	1.40	(95%CI	1.16–	1.69)	to	8.36	(95%CI	

F I G U R E  2 Changes	in	oral	anticoagulant	initiation	from	2014	to	2017.	BID,	twice	a	day;	OACs,	oral	anticoagulants;	QD,	once	daily.
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7.09–	9.86).	Women	aged	between	65	and	79 years	(aOR	5.69,	95%CI	
2.83–	11.43)	 or	 80 years	 or	 over	 (aOR	 17.91,	 95%CI	 10.45–	30.71)	
were	more	 likely	to	receive	 low-	dose	of	rivaroxaban	and	 low-	dose	
of	 apixaban	 than	 warfarin,	 respectively.	 Women	 with	 a	 CHADS2 
score ≥2	were	more	 likely	 to	 receive	 low-	dose	of	 dabigatran	 (aOR	
1.69,	 95%CI	 1.23–	2.32)	 and	 rivaroxaban	 (aOR	 1.26,	 95%CI	 1.01–	
1.58)	than	warfarin.	In	contrast,	the	only	significant	determinant	of	
a	standard-	dose	DOAC	versus	warfarin	use	was	age	group	of	65–	79	
for	only	women	treated	with	apixaban	(aOR	1.84,	95%CI	1.45–	2.34).	
The	factors	that	made	women	less	likely	to	receive	a	standard-	dose	
DOAC	 versus	warfarin	were	 higher	HAS-	BLED	 and	 frailty	 scores,	
prior	CAD,	major	bleeding,	and	CKD	status.

As	 shown	 in	Table 4	 (crude	estimates	 in	Tables	 S7–	S8),	 similar	
results	were	observed	in	men	for	the	year	of	initiation	for	low-	dose	
DOAC	and	standard-	dose	DOAC	versus	warfarin,	where	the	aORs	
ranged	 from	 1.52	 (95%CI	 1.17–	1.97)	 to	 7.04	 (95%CI	 5.92–	8.36).	
Men	 aged	 between	65	 and	79 years	 (aOR	3.16,	 95%CI	 1.49–	6.73)	
or	80 years	or	over	(aOR	13.77,	95%CI	8.15–	23.26)	were	more	likely	
to	 receive	 low-	dose	 of	 dabigatran	 and	 low-	dose	 of	 apixaban	 than	
warfarin,	respectively.	As	in	women,	the	only	significant	factor	for	
standard-	dose	DOAC	 initiation	versus	warfarin	was	age	65–	79	for	
only	men	treated	with	apixaban	(aOR	1.40,	95%CI	1.13–	1.73).	The	
factors	that	made	men	less	likely	to	receive	a	standard-	dose	versus	
warfarin	were	higher	CHADS2,	HAS-	BLED,	and	frailty	scores,	prior	
CAD,	major	bleeding,	and	CKD	status.

3.5  |  Factors associated with low- dose DOAC 
versus standard- dose DOAC

In	contrast	to	the	factors	associated	with	the	prescription	of	DOACs	
versus warfarin, men and women incident users were less likely to 
receive	low-	dose	DOACs	(vs.	standard-	dose	DOACs)	(Table 5; crude 
estimates in Table S9).	In	both	sexes,	the	major	factors	for	low-		ver-
sus	standard-	dose	DOAC	initiation	were	age	80	and	over.	Women	
with	a	higher	CHADS2 score were more likely to receive a low dose 
of	 dabigatran	 (aOR	 3.15,	 95%CI	 2.01–	4.92)	 and	 rivaroxaban	 (aOR	
1.28,	95%CI	1.04–	1.58)	than	their	respective	standard-	dose.	Other	
factors that made women more likely to receive low dose of rivar-
oxaban and apixaban versus a standard dose were a higher frailty 
score,	 prior	 major	 bleeding,	 and	 CKD	 status.	 Men	 with	 a	 higher	
CHADS2 score were more likely to receive a low dose of dabigatran 
(aOR	 2.04,	 95%CI	 1.32–	3.15)	 and	 rivaroxaban	 (aOR	 1.32,	 95%CI	
1.04–	1.68)	than	their	respective	standard-	dose.	Other	factors	that	
made men more likely to receive low dose of rivaroxaban and apixa-
ban	versus	a	standard	dose	were	CKD	status,	and	prior	major	bleed-
ing for only apixaban.

4  |  DISCUSSION

Warfarin	and	DOAC	use	changed	between	2014	and	2017.	In	both	
sexes,	warfarin	use	fell	as	DOAC	use	rose	(mainly	driven	by	apixaban).	
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The	proportion	of	patients	starting	on	a	low-	dose	DOAC	was	higher	
among women than among men. Compared with warfarin, the year 
of	initiation	was	one	of	the	main	factors	associated	with	DOAC	ini-
tiation	for	both	sexes.	Women	starting	to	take	a	DOAC	were	older	
and	more	likely	to	have	a	CHADS2	score ≥ 2	than	men	starting	to	take	
a	DOAC	relative	to	warfarin.	The	choice	of	a	low-	dose	DOAC	versus	
a	standard-	dose	DOAC	was	mainly	driven	by	age	and	CKD	status,	
and	a	higher	CHADS2 score for both sexes.

Increased	prescription	of	DOACs	to	patients	with	AF	is	in	line	with	
the	guidelines	that	recommend	DOAC	(rather	than	warfarin)	when	
OAC	therapy	 is	 indicated.3,4,33–	37	For	 instance,	on	one	side,	guide-
lines recommendations were initially based on the results of several 
large	 randomized	 clinical	 trials,	 showing	 that	 (i)	 DOACs	 are	 non-	
inferior	or	superior	to	warfarin	in	reducing	the	risk	of	AF-	associated	
stroke	 or	 systemic	 embolism,	 and	 (ii)	 the	 risk	 of	major	 bleeding	 is	
lower	 for	DOACs	 than	 for	warfarin	 or	 is	 at	 least	 similar.38–	40 But, 
on the other side, data published from other sources of data than 
randomized	clinical	trials	and	of	other	different	populations	may	be	
related to the observed changes in prescription and were influenced 
by	apixaban's	safety	profile	based	on	post	hoc	analysis	and	network	
meta-	analysis,41,42	 and	 the	 Food	 and	Drug	Administration	warned	
of a significant risk of bleeding and acute myocardial infarction,43,44 
and	the	suggested	net	clinical	benefit	of	DOACs	versus	warfarin	in	
women	based	on	meta-	analysis.45 Physicians might be reluctant to 
prescribe dabigatran in patients with impaired renal function, older 
patients, patients with morbidities, and patients with another pref-
erence. Our findings are in line with another report in which the 
increase	in	DOAC	prescriptions	among	incident	OAC	users	with	non-	
valvular	AF	was	predominantly	driven	by	apixaban.46	Among	DOAC	
users, the odds of apixaban prescription increased with age, women 
sex, stroke risk, bleeding risk, and comorbidities. In both sexes, pa-
tients starting on warfarin had a higher comorbidity burden.46

In the present study, several determinants were independently 
associated	 with	 DOAC	 initiation	 (relative	 to	 warfarin	 initiation).	
In	 both	 sexes,	 one	 of	 the	 major	 determinants	 of	 low-	dose	 and	
standard-	dose	DOACs	 initiation	versus	warfarin	was	 the	year	of	
initiation. This was followed by older age, which determined the 
use	 of	 all	 low-	dose	 DOACs	 among	 both	 sexes.	 In	 women	 only,	
those	with	a	higher	CHADS2 score were more likely to receive a 
low dose of dabigatran and rivaroxaban versus warfarin. We spec-
ulate that the impact of the year of initiation is mainly driven to 
clinical	experience	since	the	approval	of	DOACs	for	AF	in	Canada	
began in October 2010 with dabigatran, followed by rivaroxaban 
in January 2012 and apixaban in December 2012. But, the reim-
bursement	of	DOACs	by	the	RAMQ	began	in	April	2011	for	dab-
igatran, followed by rivaroxaban in October 2012 and apixaban in 
October	2013,	which	represent	overall	more	than	1 year	after	the	
approval	of	RAMQ	reimbursement.

The	choice	of	initiating	a	low-	dose	DOAC	versus	a	standard-	dose	
DOAC	was	mainly	driven	by	older	age	(80	and	over)	for	all	DOACs	
and both sexes, as expected from the guidelines. Women and men 
with	a	higher	CHADS2 score were more likely to receive a low dose 
of dabigatran and rivaroxaban versus their respective standard dose. 
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However,	women	with	a	higher	 frailty	score,	prior	major	bleeding,	
and	CKD	status	were	more	 likely	 to	 initiate	a	 low	dose	of	 rivarox-
aban and apixaban than standard dose of rivaroxaban and apixaban. 
Among	men,	 the	 factors	 associated	with	 initiation	 of	 low	 dose	 of	
rivaroxaban	and	apixaban	versus	standard-	dose	of	rivaroxaban	and	
apixaban	were	CKD	status	and	prior	major	bleeding	 for	only	apix-
aban.	Physicians	should	be	concerned	about	the	prevalence	of	low-	
dose	DOAC	use	in	clinical	practice	and	the	factors	related	to	this	use	
in heterogenous populations, giving that data on the effectiveness 
and	safety	of	low-	dose	DOACs	are	still	limited.13–	15

Consistently described sex differences in the epidemiology, 
pathophysiology,	clinical	presentation,	and	prognosis	of	AF	may	in-
fluence	the	effectiveness	of	AF	treatment.	Taking	account	of	these	
sex differences provides an opportunity to improve outcomes in 
women	with	AF.47–	53	 For	 instance,	 a	 twice-	daily	 dose	 of	 apixaban	
5	mg	 should	 be	 lowered	 to	 2.5	mg	 twice-	daily	when	 at	 least	 two	
of	 the	 three	 criteria	 (age ≥ 80,	 creatinine	 ≥1.5	 mg/dl,	 and	 body	
weight ≤ 60 kg)	are	met.	As	mentioned	in	the	introduction,	a	recent	
systematic review of observational studies reported that close to 
50%	of	 patients	 receiving	 a	 low	dose	of	 apixaban	do	not	meet	 at	
least two of the three criteria.15 In this systematic review of obser-
vational	studies	versus	randomized	clinical	trials,	the	higher	risk	pro-
files	of	AF	patients	in	clinical	practice	treated	with	apixaban	2.5	mg	
(vs.	5	mg)	may	explain	(i)	the	higher-	than-	expected	thromboembolic	
event	rates	in	the	clinic	and	(ii)	the	higher	rates	of	major	bleeding	and	
mortality.15 In addition, some recent research studies reported the 
sex	differences	 in	the	management	of	OAC	and	outcomes12,54 but 
further	research	investigating	sex-	specific	differences	in	the	appro-
priateness	of	DOACs	prescription	in	different	populations	of	clinical	
practice	is	still	needed.	There	is	also	a	need	of	a	well-	designed	ran-
domized	clinical	 trial	 that	compares	each	DOAC	and	specific	dose	
with	regard	to	sex-	specific	of	efficacy	and	safety	in	a	representative	
population of clinical practice.

Our	study	had	several	 strengths.	First,	 it	was	 the	 first	 study	 to	
have	investigated	sex	differences	in	OAC	initiation	and	to	have	strat-
ified	the	analyses	by	the	DOAC	dose	(low	vs.	standard).	Second,	we	
used	a	large,	well-	characterized,	population-	based	cohort,	which	en-
abled us to evaluate many different factors. Third, our factors were 
well	defined	and	had	been	validated	in	previous	studies.	However,	our	
study	also	had	some	limitations.	First,	its	findings	were	derived	from	
administrative databases and did not contain information on clinical 
factors, such as the body mass index or the exact creatinine clearance 
rate but we have developed and validated algorithms able to deter-
mine	the	categories	of	eGFR,	that	is,	≥60,	between	≥30	and	60	and	
<30 ml/min.	Second,	our	results	in	a	population	of	mostly	Caucasians	
might	 not	 be	 generalizable	 to	 other	 patient	 populations	 and	 other	
ethnic groups. Third, and although we included a variety of relevant 
confounders in our analysis, we cannot rule out the possibility that 
unobserved	factors	(such	as	physician	and	patient	preferences)	might	
be	associated	with	the	selection	of	an	OAC.	Fourth,	 the	claims	da-
tabases	do	not	 include	 information	on	 the	use	of	over-	the-	counter	
medications	like	acetylsalicylic	acid,	where	the	over-	the-	counter	use	

is	very	low	in	older	adults.	Nevertheless,	we	would	expect	any	under-
estimation to be similar in all study groups. Lastly, and given that our 
data source did not contain data on the body weight and the exact 
creatinine clearance rate, the appropriateness of dose reduction in 
DOAC	users	cannot	be	assessed.	Further	studies	are	required	to	as-
sess	sex	differences	in	the	appropriateness	of	DOAC	dose	reduction	
and to identify factors of inappropriate dose reduction.

OAC	initiation	patterns	were	broadly	similar	in	men	and	women.	
Our most important finding was that women were more likely than 
men	 to	 received	 low-	dose	DOACs.	The	most	notable	 factors	 inde-
pendently	associated	with	low-	dose	DOAC	initiation	were	older	age	
(in	both	sexes)	and	a	high	CHADS2	score	(in	women	only)	relative	to	
warfarin.	 Further	 research	 should	 investigate	 (i)	 sex-	specific	differ-
ences	in	appropriateness	of	DOAC	prescription,	(ii)	patterns	of	OAC	
use	in	different	populations	and	subgroups	in	clinical	practice,	and	(iii)	
the	comparative	effectiveness	and	safety	of	various	OACs	and	doses.
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