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Abstract
Background: Exposure	to	vitamin	K	antagonists	(VKA)	has	been	suggested	to	accel-
erate	progression	of	chronic	kidney	disease	 (CKD)	but	robust	clinical	data	are	cur-
rently	lacking.
Methods: We	retrospectively	evaluated	the	impact	of	VKA	exposure	on	kidney	func-
tion	in	patients	with	atrial	fibrillation	(AF)	and	CKD	stage	3/4.	Patients	were	prospec-
tively	 followed	 within	 a	 primary	 care	 electronic	 database	 (median	 follow-	up	 of	
1.45	years).	 The	 kidney	 function	 trajectory	 over	 time,	 defined	 as	 the	 annualized	
change	in	estimated	glomerular	filtration	rate	(eGFR),	was	analyzed	with	linear	mixed-	
effects	regression	including	propensity	score	adjustment.
Results: 14	432	 patients	 (median	 age	 78	years,	 median	 CHA2DS2-	VASc	 score	 4	
points)	contributed	97	792	eGFR	measurements	(mean	6.8	measurements/patient;	
range:	 1-	197).	 Mean	 baseline	 eGFR	 was	 50.3	mL/min/1.73	m2; and declined by 
1.10	mL/min/1.73	m2/year	 (95%	 CI:	 0.91-	1.28,	 P < 0.0001).	 In	 7409	 patients	 with	
VKA	exposure,	CKD	progression	was	significantly	faster	compared	to	patients	with-
out	VKA	exposure	(5-	year	absolute	eGFR	loss	from	baseline:	6.0	mL/min/1.73	m2 vs 
4.5	mL/min/1.73	m2,	for	an	absolute	5-	year	excess	eGFR	decline	with	VKA	exposure	
of	1.5	mL/min/1.73	m2	(95%	CI:	0.4-	2.7,	P	=	0.002).	These	results	prevailed	upon	ad-
justing	for	CHA2DS2-	VASc	score	and	other	potential	imbalances	in	prognostic	varia-
bles,	 and	 in	 several	 sensitivity	 analyses.	 In	 the	 group	 without	 documented	 VKA	
exposure,	1775	VKA	patients	(24%)	and	1012	patients	(14%)	developed	a	30%	de-
cline	in	eGFR	during	follow-	up	(P < 0.0001).
Conclusions: In	patients	with	AF	and	CKD,	VKA	use	is	associated	with	accelerated	
eGFR	decline.	Within	the	limitations	of	a	retrospective	analysis,	this	finding	supports	
the	“VKA-	renal-	calcification	hypothesis.”	However,	although	statistically	significant,	
the	excess	loss	in	eGFR	over	5	years	with	VKA	was	modest.
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1  | INTRODUCTION

Atrial	fibrillation	(AF)	and	chronic	kidney	disease	(CKD)	are	common	
and	often	coexisting	medical	conditions	in	the	elderly,1	with	a	preva-
lence	of	approximately	10%	for	AF	and	30%	for	moderate-	to-	end-	stage	
CKD	in	the	cohort	of	patients	aged	75	years	or	above.2-4	Furthermore,	
AF	has	been	shown	to	be	a	strong	risk	factor	for	developing	incident	
CKD	and	vice	versa,	suggesting	that	AF	and	CKD	are	interdependent.1

Oral	anticoagulation	with	vitamin	K	antagonists	 (VKA)	or	one	of	
the	newer	direct	oral	agents	inhibiting	coagulation	factors	FII	or	FXa	
represents	the	mainstay	of	care	for	reducing	the	risk	of	cardioembolic	
stroke	in	AF	patients	with	or	without	CKD.2,5	However,	it	is	currently	
hypothesized	that	the	benefit	of	a	reduction	in	stroke	risk	with	VKA	
therapy	may	come	at	the	cost	of	a	higher	propensity	towards	athero-
sclerotic	plaque	 formation	and	vascular	calcification,6 which may ul-
timately	lead	to	a	more	rapid	progression	of	CKD.	Early	evidence	for	
this	so-	called	“renovascular	calcification	hypothesis”	comes	from	basic	
and	preclinical	data	as	well	as	small	clinical	studies6-8 and raises con-
cerns	about	the	impact	of	long-	term	VKA	therapy	on	kidney	disease	
progression,	which	may	prevent	physicians	from	prescribing	otherwise	
indicated	VKA	to	CKD	patients	with	AF.	Possibly	the	most	suggestive	
evidence	for	a	negative	impact	of	VKA	on	renal	function	derives	from	a	
post-	hoc	analysis	of	the	RE-	LY	trial,	a	large	phase-	III	trial	that	evaluated	
the	direct	oral	anticoagulant	(DOAC)	dabigatran	against	VKA	in	18	113	
AF	patients.9	Over	an	average	observational	period	of	30	months,	the	
mean	decline	in	GFR	was	significantly	greater	with	warfarin	compared	
with	dabigatran,	and	predictors	for	a	more	pronounced	decline	in	GFR	
were	 presence	 of	 diabetes	 and	 previous	 warfarin	 use.	 Similarly,	 in	
ROCKET-	AF	(median	follow-	up	23.5	months)	warfarin	treatment	was	
associated	with	a	 small,	 statistically	 significant	decline	 in	mean	±	SD	
CrCl	 (−4.3	±	14.6	mL/min)	 compared	with	patients	 receiving	 rivarox-
aban	(−3.5	±	15.1	mL/min;	P < 0.001).10	On	the	other	hand,	a	recently	
published	study	in	incident	predialysis	patients	could	not	demonstrate	
an	accelerated	decline	in	renal	function	from	VKA	exposure.11

Therefore,	further	data	on	the	impact	of	VKA	on	kidney	function	
are	needed.	This	retrospective	study	aimed	to	 investigate	within	a	
large	cohort	whether	exposure	to	VKA	anticoagulants	is	associated	
with	an	accelerated	renal	decline	in	a	real-	world	cohort	of	patients	
with	AF	and	stage	3/4	CKD.

2  | MATERIALS AND METHODS

2.1 | Study population and design

The	 current	 study	 is	 a	 retrospective	 analysis	 of	 prospectively	 col-
lected,	anonymized	data	from	a	validated	longitudinal	health	records	

database,	the	IMS	Disease	Analyzer	Germany	(IMS-	DA).12	Data	for	
this	study	were	collected	routinely	by	IMS	outside	the	current	study	
protocol.	In	IMS-	DA,	clinical	and	laboratory	data	are	collected	longi-
tudinally	from	~1300	primary	care	physicians	(PCPs)	in	Germany.	For	
the	current	study,	we	retrospectively	estimated	glomerular	filtration	
rate	(eGFR)	measurements,	records	on	anticoagulation	prescription,	
and	clinical	data	to	generate	an	outpatient	cohort	of	patients	with	
AF	and	stage	3/4	CKD.	In	detail,	we	used	ICD-	10	codes	to	extract	all	
patients	who	had	a	documented	diagnosis	of	AF	and	stage	3/4	CKD	
between	January	1,	2009	and	August	31,	2015	in	IMS-	DA,	excluding	
patients	exposed	to	any	other	anticoagulants	than	VKA	or	DOAC.	
From	this	 initial	data	export	obtained	from	IMS,	we	then	excluded	
all	patients	with	their	AF	or	CKD	diagnosis	prior	January	1,	2008	to	
reduce	the	impact	of	survivorship	bias	from	patients	with	an	excep-
tionally	long	time	interval	between	their	first	AF	and	CKD	diagnosis.	
The	baseline	date	for	our	analysis	was	defined	as	the	first	time	point	
with	 a	 valid	 eGFR	 measurement	 after	 January	 1,	 2008,	 at	 which	
both	a	diagnosis	of	AF	and	CKD	stage	3/4	(“concomitant	AF/CKD”)	
was	documented.	Patients	who	did	not	have	an	eGFR	measurement	
at	or	after	 this	baseline	data	were	also	excluded,	as	were	patients	
who	had:	(a)	at	least	one	prescription	of	a	DOAC,	(b)	missing	baseline	
data	 for	 the	CHA2DS2-	VASc	 score,	 (c)	 implausible	 eGFR	measure-
ments	suspicious	for	data	entry	errors	(ie,	either	0	mL/min/1.73	m2 
or	≥170	mL/min/1.73	m2),	or	(d)	a	diagnosis	code	of	CKD	stage	5	at	
baseline.	The	CHA2DS2-	VASc	score	and	its	items	were	constructed	
from	comorbidity	diagnosis	codes	that	were	documented	prior	the	
baseline date.

Patients	with	at	least	one	documented	prescription	of	a	VKA	(as-
certained	by	 prespecified	Anatomical	 Therapeutic	Chemical	 [ATC]	
drug	codes)	at	or	after	baseline	were	assigned	to	the	“VKA	group,”	
whereas	 patients	without	 such	 an	 exposure	were	 assigned	 to	 the	
“No	VKA	group,”	respectively.	The	concurrent	use	of	low-	dose	aspi-
rin	was	permitted	in	both	study	groups.

2.2 | Ethics

The	 IMS-	DA	 contains	 exclusively	 anonymized	 information.	 In	 ac-
cordance	with	German	legal	regulations	(§3	of	the	German	Federal	
Data	 Protection	 Act),	 neither	 an	 approval	 of	 an	 ethics	 committee	
nor	consent	from	individual	patients	were	required	for	this	database	
study.

2.3 | Statistical methods

The	 statistical	 analysis	 was	 performed	 according	 to	 best-	practice	
recommendations	for	the	study	of	longitudinal	eGFR	data	in	patients	

Essentials
•	 Vitamin	K	antagonist	(VKA)	exposure	may	accelerate	chronic	kidney	disease	(CKD).
•	 A	retrospective	health	database	analysis	evaluated	the	impact	of	VKA	on	renal	function.
•	 In	7409	patients	with	atrial	fibrillation	and	CKD,	exposure	to	VKA	accelerated	renal	decline.
•	 Findings	support	the	concept	of	VKA	nephropathy,	although	the	absolute	impact	seemed	small.
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with	CKD.13	All	analyses	were	performed	using	Stata	14.0	or	 later	
versions	 (Stata	Corp.,	Houston,	 TX;	 full	 analysis	 code	 available	on	
request	 from	FP).	Continuous	variables	were	 reported	as	medians	
(25th-	75th	 percentile),	 whereas	 count	 data	 were	 summarized	 as	
absolute	frequencies	(%).	The	distribution	of	baseline	variables	be-
tween	patients	in	the	two	treatment	groups	were	assessed	with	rank	
sum	tests	 (continuous	variables)	and	chi-	squared	 tests	 (categorical	
variables),	respectively.	Further,	the	magnitude	of	these	differences	
was	 quantified	 with	 standardized	 mean	 differences	 (SMD),	 with	
SMDs	≥	0.20	 indicating	 potentially	 relevant	 differences	 between	
the	two	study	groups.

The	 primary	 endpoint	 of	 this	 study	 was	 the	 longitudinal	 kid-
ney	function	trajectory,	defined	as	the	annualized	change	 in	eGFR	
after	 baseline	 on	 both	 an	 absolute	 (in	 mL/min/1.73	m2/year)	 and	
relative	(in	percent/year)	scale.	The	primary	endpoint	was	modelled	
using	uni-		 and	multivariable	 linear	mixed	 regression	 (Stata	 routine	

mixed).14	 The	 choice	 for	 this	 model	 type	 was	 supported	 by	 the	
unbalanced	 distribution	 of	 number	 and	 timepoints	 of	 eGFR	mea-
surements	in	our	cohorts,	which	is	a	typical	for	longitudinal	kidney	
function	studies.13,15

Prior	 to	 studying	 the	 association	 between	 VKA	 exposure,	 co-
variates,	and	the	primary	endpoint,	a	“base”	model	reflecting	eGFR	
patterns	 over	 time	 in	 our	 cohort	 was	 developed	 as	 a	 random-	
intercept-	and-	slope	model	 for	 the	eGFR	trajectory	which	 included	
three	 fixed	 effects	 (linear,	 quadratic,	 and	 cubic	 specifications	 of	
follow-	up	time),	and	two	random	effects	(random	intercept	for	the	
eGFR,	and	random	slope	for	follow-	up	time).	The	original	eGFR	val-
ues	were	used	for	analysis	of	the	absolute	change	in	eGFR,	whereas	
loge-	transformed	eGFR	values	were	used	for	analyzing	relative	eGFR	
changes.15	Relative	differences	were	expressed	as	percent	change	
and	computed	by	100	×	eβ.	Furthermore,	several	sensitivity	analyses	
were	performed	(Figure	S2	and	Table	S2).

TABLE  1 Baseline	characteristics	of	the	study	population

Variable Overall (n = 14 432) No VKA (n = 7023) VKA (n = 7409) P SMD SMDIPTW

Demographic	variables

Age	(y) 78.4	[72.6-	83.8] 79.7	[73.0-	85.6] 77.4	[72.3-	82.4] <0.0001 0.16 0.00

Female	sex 6983	(48.4%) 3678	(52.4%) 3305	(44.6%) <0.0001 0.16 0.00

Insurance	status — — — <0.0001 — —

Private 1006	(7.0%) 561	(8.0%) 445	(6.0%) — 0.08 0.08

Public 13	425	(93.0%) 6461	(92.0%) 6964	(94.0%) — 0.08 0.08

Unknown 1	(0.0%) 1	(0.0%) 0	(0.0%) — 0.02 0.02

Practice	location* — — — 0.85 — —

West	Germany 11	058	(76.6%) 5386	(76.7%) 5672	(76.6%) — 0.00 0.01

East Germany 3374	(23.4%) 1637	(23.3%) 1737	(23.4%) — 0.00 0.01

CHA2DS2-	VASc	score	and	its	items

CHA2DS2-	VASc	score 4	[3-	5] 4	[3-	5] 4	[3-	5] <0.0001 0.09 0.04

Age	<65	y 1317	(9.1%) 713	(10.2%) 604	(8.2%) — 0.07 0.17

Age	65-	74	y 3679	(25.5%) 1517	(21.6%) 2162	(29.2%) — 0.17 0.11

Age	≥	75	y 9436	(65.4%) 4793	(68.3%) 4643	(62.7%) — 0.12 0.00

Hypertension 12	118	(84.5%) 5859	(83.4%) 6329	(85.4%) 0.001 0.06 0.00

Congestive	heart	failure 6731	(46.6%) 3197	(45.5%) 3534	(47.7%) 0.009 0.04 0.00

Stroke/TIA 2400	(16.6%) 1197	(17.0%) 1203	(16.2%) 0.19 0.02 0.00

Diabetes	mellitus 7926	(54.9%) 3908	(55.7%) 4018	(54.2%) 0.088 0.03 0.00

Female	sex 6983	(48.4%) 3678	(52.4%) 3305	(44.6%) <0.0001 0.16 0.00

Vascular	disease 3051	(21.1%) 1612	(23.0%) 1439	(19.4%) <0.0001 0.09 0.00

Other	variables

First	eGFR	at	or	after	
baseline	(mL/min/1.73	m2)

48	[36-	61] 47	[35-	62] 48	[37-	60] 0.34 0.03 0.00

Aspirin	use	at	or	after	
baseline

4619	(32.0%) 3064	(43.6%) 1555	(21.0%) <0.0001 0.50 0.17

Distribution	overall	and	by	exposure	to	VKA	at	or	after	baseline.	Continuous	variables	are	summarized	as	medians	(25th	percentile	[Q1]	through	75th	
percentile	[Q3]),	whereas	categorical	variables	are	reported	as	absolute	frequencies	and	percentages.
eGFR,	estimated	glomerular	filtration	rate;	IPTW,	inverse-	probability-	of-	treatment-	weight;	SMD,	standardized	mean	difference;	TIA,	transient	isch-
aemic	attack;	VKA,	vitamin	K	antagonist.
*P-	values	for	difference	between	patients	with	and	without	documented	exposure	to	VKA	are	from	Pearson's	chi-	squared	tests	(categorical	variables)	
or	Wilcoxon	rank-	sum	tests	(continuous	variables).	SMDs	≥	0.2	indicating	a	potentially	relevant	imbalance	between	the	two	study	groups.	
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3  | RESULTS

A	 total	of	37	476	patients	had	a	documented	diagnosis	of	AF	and	
stage	3/4	CKD	between	 January	1,	2009	and	August	31,	2015	 in	
IMS-	DA.	 Of	 these,	 14	432	 patients	 fulfilled	 our	 inclusion	 crite-
ria	 (Table	1,	Figure	S1)	 and	were	 incorporated	 in	 the	analysis.	The	
23	044	patients	who	were	excluded	had	comparable	baseline	char-
acteristics	 to	 the	patients	 included	 in	 the	 final	 analysis	 (Table	S1).	
At	baseline,	 the	median	age	of	 the	analysis	 cohort	was	78.4	years	
(25th-	75th	percentile:	73-	84),	the	median	CHA2DS2-	VASc	score	was	
4	 (25th-	75th	percentile:	3-	5),	and	the	median	“baseline”	eGFR	was	
48	mL/min/1.73	m2.

A	total	of	7409	patients	were	exposed	 to	VKA	and	 received	a	
total	of	36	610	prescriptions	 (98.5%	phenprocoumon;	1.5%	warfa-
rin;	0.02%	acenocoumarol).	In	contrast,	7023	patients	(49%)	did	not	
have	a	documented	exposure	to	VKA	and	served	as	the	comparator	
“no	VKA”	group.

Patients	with	VKA	exposure	were	significantly	younger	(median:	
77.4	 vs	 79.7	years),	 less	 likely	 to	 be	 female	 (44.6%	 vs	 52.4%),	 had	
lower	CHA2DS2-	VASc	scores	 (mean:	4.22	vs	4.35	points),	 and	 less	
likely	to	have	a	comedication	with	low-	dose	aspirin	(21.0%	vs	43.6%;	
all P < 0.0001,	 Table	1)	 as	 compared	 to	 patients	 in	 the	 “no	 VKA”	
group.	However,	as	indicated	by	SMDs,	these	differences	were	small	
on	 an	 absolute	 scale	 (all	 SMD	<	0.20),	 except	 for	 low-	dose	 aspirin	
comedication	where	the	SMD	was	0.50.

3.1 | Modeling the eGFR trajectory

After	 baseline,	 the	 14	432	 study	 patients	 contributed	 a	 total	 of	
97	792	eGFR	measurements	to	the	analysis	(mean	6	measurements/
patient;	range:	1-	197),	and	the	median	interval	between	first	and	last	
eGFR	measurement	was	1.4	years	(25th-	75th	percentile:	0.9-	3.3).

In	 the	 “base”	 linear	mixed	 effects	model,	 including	 three	 fixed	
effects	 for	 follow-	up	 time	 (linear,	 quadratic,	 and	 cubic)	 and	 a	 ran-
dom	effect	for	follow-	up	time,	the	estimated	eGFR	at	baseline	was	
50.3	mL/min/1.73	m2	 (95%	CI:	50.0-	50.6).	The	annualized	absolute	
decline	in	eGFR	was	estimated	at	1.10	mL/min/1.73	m2/year	(95%	CI:	
0.91-	1.28,	P < 0.0001,	Table	S3	[Model	S1],	Figure	S3A).	Fitting	the	
same	model	to	the	log(eGFR)	instead	of	the	eGFR	trajectory	yielded	
a	corresponding	annualized	decline	on	a	relative	scale	of	2.8%/year	
(95%	CI:	3.2-	2.4,	P < 0.0001,	Table	S3	[Model	S2],	Figure	S3B).

In	 multivariable	 extension	 of	 Model	 #S1	 with	 CHA2DS2-	VASc	
score,	 age	 (centered	 at	 age	 75),	 and	 the	 first	 eGFR	measurement	
(centered	at	50	mL/min/1.73	m2),	the	adjusted	annualized	absolute	
eGFR	decline	was	estimated	at	1.07	mL/min/1.73	m2/year	(95%	CI:	
0.90-	1.24,	P < 0.0001,	Table	S3	[Model	S3]).

The	mean	baseline	eGFR	was	lower	in	older	patients	(decrease	
in	baseline	eGFR	=	−0.2	mL/min/1.73	m2	for	5	years	age	increase	
above	75	years;	95%	CI:	−0.3	 to	−0.1,	P < 0.0001),	 and	 lower	 in	
patients	 with	 higher	 CHA2DS2-	VASc	 scores	 (decrease	 in	 base-
line	eGFR	=	−0.1	for	1-	point	increase	in	CHA2DS2-	VASc;	95%	CI:	
−0.2	to	0.0,	P	=	0.01)	A	more	pronounced	absolute	loss	of	kidney	
function	 over	 time	 was	 observed	 in	 older	 patients	 (increase	 in	

the	annualized	eGFR	decline	for	5	years	increase	in	age	=	0.1	mL/
min/1.73 m2/year,	 95%	 CI:	 0.1-	0.2,	 P < 0.0001),	 in	 patients	
with	 higher	 CHA2DS2-	VASc	 scores	 (increase	 in	 the	 annualized	
eGFR	 decline	 for	 1	 point	 increase	 in	 CHA2DS2-	VASc	=	0.1	mL/
min/1.73 m2/year,	 95%	 CI:	 0.1-	0.2,	 P =	0.002),	 and	 in	 patients	
with	higher	baseline	eGFR	measurements	 (increase	 in	the	annu-
alized	 eGFR	 decline	 for	 5	mL/min/1.73	m2	 increase	 in	 the	 first	
eGFR	measurement	=	0.3	mL/min/1.73	m2/year,	95%	CI:	0.3-	0.4,	
P < 0.0001).

Similar	 results	 were	 obtained	 when	 fitting	 this	 model	 on	 the	
log(eGFR)	scale	to	obtain	relative	estimates	of	kidney	function	de-
cline	(Table	S3	[Model	S4]).

3.2 | eGFR trajectory in patients with and without 
documented exposure to VKA

Patients	 in	 the	 VKA	 group	 contributed	 more	 longitudinal	 eGFR	
measurements	(n	=	64	690,	mean	per	patient:	9,	range:	1-	158)	than	
the	 group	 without	 documented	 VKA	 exposure	 (n	=	33	102,	 mean	
per	 patient:	 5,	 range:	 1-	197),	 respectively	 (P < 0.0001).	 In	 univari-
able	analysis,	baseline	eGFR	was	similar	between	patients	in	the	“no	
VKA”	group	and	the	cohort	with	VKA	exposure	(estimated	eGFR	dif-
ference	 for	being	 in	 the	VKA	group	=	−0.35	mL/min/1.73	m2,	 95%	
CI:	−0.99	to	0.29,	P	=	0.279).

Patients	exposed	 to	VKA	demonstrated	a	more	pronounced	ab-
solute	eGFR	decline	from	baseline	than	patients	not	exposed	to	VKA	
(estimated	 absolute	 difference	 0.31	mL/min/1.73	m2/year,	 95%	 CI:	
0.08-	0.54,	P	=	0.009;	 Table	2	 [Model	 1]).	 In	 this	model,	 patients	 ex-
posed	to	VKA	lost	6.0	mL/min/1.73	m2	(or	14.9%)	of	their	eGFR	over	
the	5	years	after	baseline,	whereas	 the	corresponding	5-	year	 loss	 in	
eGFR	was	4.5	mL/min/1.73	m2/5	years	(or	11.0%)	in	patients	not	ex-
posed	to	VKA,	respectively	(absolute	difference	over	5	years	=	1.9	mL/
min/1.73 m2,	P	=	0.002,	Figure	1A;	Table	2	[Model	2],	and	Figure	1B).

After	 multivariable	 adjustment	 for	 age,	 CHA2DS2-	VASc	 score,	
and	 the	 first	 eGFR	 value	 obtained	 after	 baseline,	 the	 association	
between	VKA	exposure	and	a	faster	decline	in	kidney	function	pre-
vailed	(absolute	difference	in	annualized	eGFR	decline	=	−0.29	mL/
min/1.73 m2/year	[95%	CI:	−0.53	to	−0.06],	P	=	0.01,	Table	2	[Model	
3];	 corresponding	 relative	 decline	=	0.6%/year	 [95%	 CI:	 0.1-	1.2],	
P	=	0.02,	Table	2	[Model	4]).

3.3 | Sensitivity analyses

We	performed	a	propensity	score	(PS)	analysis	in	order	to	account	
for	 putative	 differences	 between	 the	 two	 treatment	 groups	 po-
tentially	 not	 removed	 by	 the	multivariable	 analysis.	Weighing	 the	
data	with	 the	 inverse-	probability-	of-	treatment-	weights	 (IPTW)	ad-
equately	 reduced	 SMDs	 in	 variables	 between	 the	 two	 treatment	
groups	(Table	1).	When	deciles	of	the	PS	were	constructed	and	in-
cluded	as	a	 third	 level	 into	 the	 linear	mixed	model	 (Level	1:	eGFR	
measurements;	Level	2:	Patients;	Level	3:	PS	deciles),	 the	associa-
tion	 between	VKA	exposure	 and	 a	 faster	 eGFR	decline	 prevailed,	
with	faster	absolute	(0.34	mL/min/1.73	m2/year	(95%	CI:	0.10-	0.57,	
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P	=	0.005)	and	relative	annualized	decline	in	eGFR	(0.9%/year	[95%	
CI:	0.4-	1.5,	P = 0.001])	in	the	VKA	group,	respectively.

When	 only	 patients	with	 at	 least	 1	year	 of	 follow-	up	were	 in-
cluded	in	these	PS-	adjusted	models	 (n	=	8821),	the	association	be-
tween	VKA	exposure	and	a	faster	eGFR	decline	prevailed	with	faster	

absolute	(0.28	mL/min/1.73	m2/year;	95%	CI:	0.04-	0.52,	P = 0.022)	
and	relative	decline	of	eGFR	(0.7%/year	[95%	CI:	0.1-	1.3,	P = 0.013])	
in	the	VKA	group.

In	a	further	sensitivity	analysis	on	the	absolute	eGFR	scale,	we	
did	not	observe	evidence	for	a	three-	way-	interaction	between	the	

TABLE  2 Linear	mixed	models	of	kidney	function	and	kidney	function	trajectory	in	patients	with	AF	and	CKD

Model
Dependent 
variable Independent variables

Coefficient (absolute difference, 
or % difference) 95% CI P

Model	
1

eGFR Follow-	up	time	(per	y) −0.957 −1.256	to	−0.658 <0.0001

Follow-	up	time	(per	y2) 0.078 −0.032	to	0.188 0.17

Follow-	up	time	(per	y3) −0.015 −0.030	to	−0.003 0.017

VKA	exposure −0.352 −0.989	to	0.285 0.28

VKA	exposure	#	Follow-	up	time −0.309 −0.542	to	−0.077 0.009

INTERCEPT 50.5 50.0 to 50.9 <0.0001

Model	
2

log(eGFR) Follow-	up	time	(per	y) −2.3% −3.0	to	−1.7 <0.0001

Follow-	up	time	(per	y2) 0.7% −0.2	to	0.3 0.59

Follow-	up	time	(per	y3) −0.3% −0.6	to	0.0 0.054

VKA	exposure 1.9% 0.5 to 3.3 0.009

VKA	exposure	#	Follow-	up	time −0.9% −1.4	to	−0.3 0.002

INTERCEPT 3.8 3.8 to 3.8 <0.0001

Model	
3

eGFR Follow-	up	time	(per	y) −1.012 −1.313	to	−0.711 <0.0001

Follow-	up	time	(per	y2) 0.093 −0.017	to	0.203 0.097

Follow-	up	time	(per	y3) −0.016 −0.029	to	−0.003 0.013

VKA	exposure −1.313 −1.924	to	−0.703 <0.0001

VKA	exposure	#	Follow-	up	time −0.294 −0.526	to	−0.062 0.013

CHA2DS2-	VASc	score	(per	1	point	
increase)

−0.817 −1.063	to	−0.572 <0.0001

CHA2DS2-	VASc	score	#	Follow-	up	time −0.113 −0.204	to	−0.022 0.015

Age	(per	1	y	increase) −0.571 −0.610	to	−0.532 <0.0001

Age	#	Follow-	up	time 0.007 −0.008	to	0.022 0.36

First	eGFR	#	Follow-	up	time −0.001 −0.007	to	0.005 0.81

INTERCEPT 52.6 52.2 to 53.1 <0.0001

Model	
4

eGFR Follow-	up	time	(per	y) −2.6% −3.2	to	−1.9 <0.0001

Follow-	up	time	(per	y2) 0.4% −0.2	to	0.3 0.74

Follow-	up	time	(per	y3) 0.0% −0.1	to	0.0 0.088

VKA	exposure 0.0% −1.3	to	1.3 0.99

VKA	exposure	#	Follow-	up	time −0.6% −1.2	to	−0.1 0.021

CHA2DS2-	VASc	score	(per	1	point	
increase)

−1.9% −2.4	to	−1.4 <0.0001

CHA2DS2-	VASc	score	#	Follow-	up	time −0.2% −0.4	to	0.0 0.051

Age	(per	1-	y	increase) −1.0% −1.1	to	−0.9 <0.0001

Age	#	Follow-	up	time 0.0% 0.0 to 0.1 0.037

First	eGFR	#	Follow-	up	time 0.1% 0.1 to 0.1 <0.0001

INTERCEPT 3.9 3.9 to 3.9 <0.0001

Patients	exposed	to	VKA	during	follow-	up	had	significantly	faster	progression	of	eGFR	decline	than	patients	without	such	an	exposure.	Models	with	
“eGFR”	as	the	dependent	variable	report	coefficients	on	an	absolute	scale	(ie,	absolute	differences	in	eGFR),	whereas	models	with	“log(eGFR)”	as	the	
dependent	variables	report	relative	coefficients	(ie,	relative	differences	in	%).	#	indicates	an	interaction.	Coefficients	for	interactions	with	follow-	up	
time	indicate	the	association	between	the	respective	variable	and	the	change	in	eGFR	over	time.	All	models	included	three	fixed	effects	for	follow-	up	
time	(linear,	quadratic,	and	cubic),	a	random	intercept	of	the	eGFR,	and	a	random	slope	for	the	eGFR	trajectory.
CI,	confidence	interval;	eGFR,	estimated	glomerular	filtration	rate;	VKA,	vitamin	K	antagonist.



212  |     POSCH et al.

CHA2DS2-	VASc	score,	VKA	exposure	and	eGFR	decline	(P = 0.191),	
suggesting	that	the	adverse	association	of	VKA	with	eGFR	decline	
applies	 to	 all	 risk	 levels	 of	CHA2DS2-	VASc	 score,	which	 translates	
into	a	larger	relative	impact	on	the	eGFR	trajectory	in	patients	with	
higher	 CHA2DS2-	VASc	 scores	 in	 whom	 baseline	 eGFR	 is	 lower.	
Similarly,	 although	 patients	 with	 diabetes	 experienced	 a	 signifi-
cantly	 faster	decline	 in	eGFR	 than	nondiabetics	 (1.27	vs	0.69	mL/
min/1.73 m2/year,	P < 0.0001),	 the	adverse	association	of	VKA	ex-
posure	with	eGFR	decline	applied	to	both	diabetics	and	nondiabetics	
(change	in	the	eGFR	trajectory	with	VKA	exposure	for	patients	that	
are	 documented	 diabetics	=	0.20	mL/min/1.73	m2/year,	 95%	 CI:	
−0.27	to	−0.67,	P = 0.395).

To	gauge	the	sensitivity	of	our	results	towards	inclusion	of	“prev-
alent”	VKA	users,	we	performed	an	analysis	excluding	all	 patients	
who	had	received	at	least	one	VKA	prescription	before	the	baseline	
date.	In	this	subcohort	of	8448	patients	who	were	either	never	ex-
posed	to	VKA	at	all	(n	=	5850)	or	only	after	baseline	but	not	before	
baseline	 (n	=	2598,	 ie,	 true	 “incident”	 VKA	 users),	 the	 adverse	 as-
sociation	between	VKA	exposure	and	an	accelerated	kidney	 func-
tion	decline	became	more	pronounced	 (absolute	 increase	 in	eGFR	
decline	for	being	exposed	to	VKA	=	0.43	mL/min/1.73	m2/year,	95%	
CI:	0.15-	0.70,	P = 0.002).

Next,	we	constructed	an	alternative	VKA	exposure	variable,	also	
assigning	patients	with	at	least	one	VKA	prescription	in	the	month	
preceding	the	baseline	date	to	the	VKA	group.	Here,	a	further	309	
patients	(2.1%)	were	reassigned	to	the	VKA	group.	In	this	sensitiv-
ity	analysis,	the	adverse	association	between	VKA	exposure	and	an	
accelerated	kidney	 function	decline	prevailed	on	both	an	absolute	
(Table	S4	[Model	S5])	and	relative	scale	(Table	S4	[Model	S6]).	In	a	
further	sensitivity	analysis,	Models	3	and	4	of	Table	2	were	re-	fitted	
without	 the	 baseline	 eGFR	 as	 a	 predictor	 of	 the	 eGFR	 trajectory.	
Also	here,	 the	previously	observed	associations	between	VKA	ex-
posure,	higher	age,	a	higher	CHA2DS2-	VASc	score	and	accelerated	
kidney	function	decline	remained	highly	similar	with	respect	to	mag-
nitude	and	strength	of	association	(Table	S5	[Models	S7	and	8]).

Out	 of	 the	 7409	 patients	 in	 the	 group	 with	 VKA	 exposure,	
1775	(24.0%)	experienced	a	30%	decline	in	eGFR	during	follow-	up	
at	 least	once,	as	compared	to	1012	(14.4%)	out	of	7023	patients	
in	 the	 group	 without	 documented	 VKA	 exposure,	 respectively	
(P < 0.0001).	 The	median	 time-	to-	first	 30%	decline	 in	 eGFR	was	
6.7	years	 (95%	 CI:	 6.2-	not	 reached).	 Five-	year	 1-	Kaplan-	Meier	
risks	 of	 a	 30%	 decline	 in	 eGFR	 were	 41.5%	 in	 the	 VKA	 group,	
and	37.0%	 in	 the	group	without	documented	VKA	exposure,	 re-
spectively	 (log-	rank	P < 0.0001,	 Figure	2).	 In	 univariable	Cox	 re-
gression,	 patient	 with	 documented	 VKA	 exposure	 experienced	
a	15%	higher	 relative	 rate	of	 developing	 a	30%	decline	 in	 eGFR	
(hazard	 ratio	 [HR]	=	1.15,	95%	CI:	1.06-	1.24,	P = 0.001),	 and	 this	
association	 prevailed	 upon	 multivariable	 adjustment	 for	 the	
CHA2DS2-	VASc	 score	 and	 the	 baseline	 eGFR	 (Table	 S5).	When	
weighting	this	time-	to-	event	data	for	the	propensity	score	(using	
the	inverse-	probability-	of-	treatment-	weight	[IPTW]),	the	associa-
tion	between	VKA	exposure	and	a	higher	risk	of	this	endpoint	also	
prevailed	(IPTW-	adjusted	HR	for	VKA	exposure	=	1.20,	1.11-	1.30,	
P < 0.0001).	 Finally,	 sensitivity	 analyses	 using	 various	 specifica-
tions	 of	 VKA	 exposure	 as	 a	 time-	varying	 variable	 confirmed	 an	
adverse	 relationship	 between	 VKA	 and	 CKD	 progression	 (Table	
S5,	Figure	S4).

4  | DISCUSSION

In	 this	 retrospective	 analysis	 of	 prospectively	 collected	 routine	
healthcare	data	in	the	primary	care	setting,	we	examined	the	im-
pact	of	exposure	 to	VKA	on	kidney	 function	of	14	432	patients	
with	AF	and	CKD	stage	3/4.	We	found	that	patients	with	a	docu-
mented	exposure	to	VKA	experienced	a	significantly	accelerated	
decline	 in	 the	eGFR	over	 time	as	 compared	 to	patients	without	
such	an	exposure.	This	 finding	was	 independent	of	 age	and	co-
morbidities	 as	 summarized	 by	 the	 CHA2DS2-	VASc	 score,	 and	
baseline	eGFR.

F IGURE  1 Absolute	and	relative	
kidney	function	trajectory	over	time	in	
patients	with	and	without	a	documented	
exposure	to	VKA	during	follow-	up.	
Panel	A	reports	absolute	changes,	and	
Panel	B	relative	changes.	Patients	with	
exposure	to	VKA	had	significantly	
increased absolute and relative declines 
of	the	eGFR.	Quadratic	and	cubic	terms	
were	included	in	the	slope	of	the	eGFR	
trajectory.	eGFR,	estimated	glomerular	
filtration	rate;	VKA,	vitamin	K	antagonist
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Our	 study	 was	 motivated	 by	 previous	 reports	 which	 have	
implicated	VKA	 treatment	 in	 increased	 atherosclerotic	 calcifica-
tion,	 plaque	 formation,	 and	 renal	microvasculature	 damage.6,8,16 
Although	 robust	 clinical	 data	 on	 this	 “renovascular	 calcification	
hypothesis”	are	limited,	its	implications	are	considerable	because	
millions	of	patients	globally	are	treated	with	VKA	for	prevention	of	
stroke/systemic	embolism	in	atrial	fibrillation.2,17	Our	clinical	data	
support	 this	 hypothesis	 by	 showing	 a	 statistically	 significant	 ex-
cess	in	kidney	function	loss	in	VKA	patients,	although	the	absolute	
impact	was	only	small.	Given	that	VKAs	are	usually	given	as	a	life-	
long	treatment	for	stroke	prevention	in	AF,	small	adverse	effects	
of	 VKA	 on	 kidney	 function	 may	 nonetheless	 cumulate	 towards	
clinically	 relevant	 dimensions	 over	 long	 exposure	 periods	 in	 the	
global	population	of	patients	with	AF	and	CKD.	Furthermore,	VKA	
therapy	 in	 the	 real-	world	setting	 is	known	to	be	associated	with	
a	high	discontinuation	rate	and	a	trend	towards	 insufficient	dos-
ing,18	effects	that	may	lead	to	an	underestimation	of	the	harm	in	
our	analysis,	since	our	observational	period	will	include	periods	of	
underexposure	 to	VKA	from	temporary	or	permanent	 treatment	

discontinuation	 and	 from	 using	 VKA	 in	 subtherapeutic	 dosages	
(INR	<	2.0);	 thus,	 the	 adverse	 effect	 of	 VKA	 on	 kidney	 function	
more	 pronounced	 in	 long-	term	 exposure,	 which	 often	 includes	
phases	of	VKA	overdosing.19

We	addressed	our	study	question	using	prospectively	collected	
data	from	outpatients	treated	in	the	German	primary	care	setting	but	
such data are subject to a relevant selection bias.20	Nevertheless,	in	
the	absence	of	dedicated	randomized	trials,	post-	hoc	analyses	from	
RCTs	 and	 large	 observational	 studies	 making	 using	 of	 advanced	
comparative	 effectiveness	 research	methods	 such	 as	PS	may	 rep-
resent	the	best	evidence	available	for	generating	new	insights	into	
this	 subject	 and	 for	 providing	 some	 guidance	 for	 clinical	 practice.	
Importantly,	 key	aspects	of	our	dataset	 are	highly	 consistent	with	
published	data.	For	example,	the	absolute	eGFR	decline	in	our	study	
population	was	approximately	1	mL/min/1.73	m2/year,	which	agrees	
with	 two	 large	 longitudinal	 kidney	 function	 trajectory	 studies.9,21 
Moreover,	the	relative	eGFR	decline	of	approximately	10%-	15%	over	
5	years	is	also	in	line	with	two	recently	published	cohorts.15	In	addi-
tion,	the	fact	that	only	50%	of	our	study	cohort	had	a	documented	
exposure	to	VKA	despite	high	CHA2DS2-	VASc	scores	is	reflective	of	
the	well-	known	discrepancy	between	guideline-	recommended	 an-
ticoagulation	for	stroke	prevention	and	implementation	of	this	rec-
ommendation	 in	elderly	patients	and	 real-	world	settings.22	Finally,	
the	association	between	VKA	exposure	and	greater	kidney	disease	
progression	 was	 independent	 of	 comorbidities	 and	 also	 prevailed	
upon	adjustment	for	a	propensity	score	which	reduced	imbalances	
in	baseline	variables	between	the	two	treatment	groups	to	negligible	
levels.

Patients	with	higher	CHA2DS2-	VASc	scores	had	a	significantly	
faster	eGFR	decline,	which	was	previously	demonstrated	by	our	
group23	 and	 illustrates	 the	known	 impact	of	comorbidity	on	kid-
ney	disease	progression.	An	important	finding	of	the	current	study	
with	 respect	 to	VKA	and	 the	CHA2DS2-	VASc	 score	was	 that	we	
did	not	observe	an	interaction	between	CHA2DS2-	VASc	score	and	
the	 magnitude	 of	 the	 adverse	 VKA-	kidney	 decline	 association.	
This	suggests	that	VKA	exposure	is	affecting	kidney	disease	pro-
gression	 to	 the	 same	 absolute	 degree	 across	 all	 CHA2DS2-	VASc	
score	levels.	Considering	that	patients	with	higher	CHA2DS2-	VASc	
scores	have	a	lower	eGFR	to	start	with,23 such a similar absolute 
impact	of	VKA	exposure	entails	a	higher	 relative	 impact	of	VKA	
exposure	on	the	eGFR	trajectory	in	patients	with	higher	CHA2DS2-	
VASc	 scores.	This	may	 also	explain,	why	warfarin	was	 shown	 to	
have	 a	 negative	 effect	 on	 kidney	 function	 compared	 to	 rivarox-
aban	in	ROCKET-	AF	(mean	CHADS2-	score	3.5)	but	not	compared	
to	apixaban	in	ARISTOTLE	(mean	CHADS2-	score	2.1).

10,24	On	the	
other	 hand,	 it	 is	 also	 possible	 that	 different	DOACs	 as	warfarin	
comparators	 may	 have	 different	 effects	 on	 renal	 function.25-27 
However,	whether	an	excess	decline	in	kidney	function	from	VKA	
also	leads	to	an	increased	risk	of	clinical	outcomes	such	as	stroke,	
bleeding,	hospitalization,	or	death	 in	AF	patients	with	CKD	can-
not	be	answered	by	our	 study.	 In	 this	context,	 it	 is	 important	 to	
highlight	that	warfarin	has	also	been	shown	to	prevent	myocardial	
infarction	in	randomized	controlled	trials.	It	appears	thus	possible	

F IGURE  2 Higher	risk	of	experiencing	a	30%	relative	decline	in	
eGFR	during	follow-	up	in	patients	with	a	documented	exposure	to	
VKA.37	Curves	were	estimated	with	a	1-	Kaplan-	Meier	estimator,	
and	compared	with	a	log-	rank	test.	Patients	were	censored	at	the	
last	database	date,	which	was	the	last	date	where	either	a	diagnosis	
code,	a	prescription,	or	an	eGFR	measurement	was	recorded	
in	IMS-	DA.	Two	hundred	twelve	patients	in	the	group	without	
documented	VKA	exposure	did	not	have	a	follow-	up	eGFR	after	
baseline,	and	where	thus	censored	at	the	day	after	baseline.	The	
risk	table	reports	the	number	of	patients	included	in	the	respective	
study	group	1,	2,	3,	4,	and	5	years	after	baseline.	The	numbers	
in	round	brackets	between	these	yearly	intervals	represent	the	
number	of	patients	who	developed	a	30%	decline	in	eGFR	within	
this	interval.	Note	that	the	1-	Kaplan-	Meier	risks	in	this	figure	are	
higher	than	the	crude	proportions	of	patients	with	a	30%	eGFR	
decline	reported	in	the	results	section	due	to	competing	risk	of	
death	which	leads	to	overestimation	of	event	risks	by	the	Kaplan-	
Meier	method.32	eGFR,	estimated	glomerular	filtration	rate;	VKA,	
vitamin	K	antagonist
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that	 a	 positive	 antithrombotic	 effect	 in	 different	 vascular	 beds	
might	outweigh	any	negative	effect	of	VKA	on	small	vessel	calcifi-
cation and renal decline.

The	eGFR	trajectory	as	expressed	by	the	annualized	change	 in	
the	 eGFR	was	 the	 primary	 analysis	 in	 this	 study	 but	 our	 findings	
were	robust	when	we	looked	at	other	kidney	endpoints	proposed	in	
the	literature.	Moreover,	because	VKA	exposure	is	a	dynamic	rather	
than	static	variable,	we	also	performed	several	sensitivity	analyses	
that	treated	VKA	exposure	as	a	time-	varying	variable28 which con-
firmed	 an	 impact	 from	 VKA	 on	 adverse	 kidney	 outcome.	 On	 the	
other	 hand,	we	 provided	 estimates	 of	 eGFR	 trajectory	 for	 a	 hori-
zon	of	5	years	after	baseline,	which	may	be	somewhat	extrapolated	
given	the	median	follow-	up	of	our	cohort	was	only	1.44	years.

Aspirin	use	was	more	frequent	in	the	“no	VKA”	group	compared	
to	the	VKA	group	and	it	seems	reasonable	to	speculate	that	this	dif-
ference	may	be	explained	by	the	fact	that	ASA	has	been	regarded	as	
a	treatment	alternative	in	AF	patients	in	the	past.	Although	a	direct	
(positive	or	negative)	impact	of	aspirin	on	kidney	function	has	never	
been	clearly	demonstrated	this	difference	in	baseline	characteristics	
can	potentially	be	an	 important	confounder.	On	 the	other	hand,	a	
reasonably	large	RCT	of	high	risk	patients	(2173	Japanese	patients	
with	diabetes	type	II)	did	not	indicate	that	long-	term	ASA	exposure	
(>8	years)	had	any	effect	on	eGFR	compared	to	no	treatment.29

Some	 limitations	of	 our	 study	 should	be	discussed.	 It	 is	 in	 the	
nature	of	retrospective	administrative	database	analyses	that	con-
founding	by	indication	is	likely,	since	certain	patient	characteristics	
may	drive	prescribers	towards	or	away	from	certain	treatments	or	
may	impact	dosing.	In	the	present	study,	it	cannot	be	fully	excluded	
that	prescribers	anticipated	renal	effects	when	prescribing	or	with-
holding	VKAs,	in	which	case	the	patient	selection	itself	could	have	
had	an	important	impact	on	our	outcome	analyses,	because	adjust-
ments	could	only	correct	for	measured	confounding.	On	the	other	
hand,	the	discussion	of	VKA-	related	kidney	injury	has	only	started	
in	recent	years,	as	indicated	by	the	work	of	Brodsky	and	coworkers	
in 2010 and 201119,30	and	the	post-	hoc	analyses	of	 the	DOAC	tri-
als	that	were	published	between	2015	and	2016.9,10,24	Therefore,	it	
seems	unlikely	that	such	concerns	had	a	major	impact	on	treatment	
choices	in	our	study	population,	which	was	treated	between	2009	
and 2015.

Due	 to	 the	 association	 between	higher	CHA2DS2-	VASc	 scores	
and	mortality,	 our	 patient	 population	will	 be	 “enriched”	 over	 time	
with	patients	that	have	a	more	favorable	survival	experience	(“infor-
mative	censoring”).13,31	 Ignoring	competing	mortality	will	also	 lead	
to	an	overestimation	of	30%	eGFR	decline	risks	in	our	time-	to-	event	
analysis.32	 Unfortunately,	 we	 could	 not	 take	 this	 time-	dependent	
and	 informative	 censoring	 into	 account	 since	 data	 on	 mortality,	
stroke/systemic	embolism,	or	bleeding	were	not	available.	GFR	val-
ues	were	supplied	by	 IMS	Germany	without	further	details	on	the	
methods	or	 formulae	of	estimation,	which	may	add	 imprecision	 to	
our analyses.33	 Nonetheless,	 we	 can	 carefully	 speculate	 that	 this	
potential	heterogeneity	in	eGFR	estimation	methods	in	our	dataset	
would	likely	only	increase	measurement	error,	and	thus	increase	the	
width	 of	 confidence	 intervals	 of	 the	 VKA-	eGFR	 association	 (ie,	 a	

“conservative”	bias	in	favor	of	the	null	hypothesis).	Another	limita-
tion	 concerning	 potential	 informative	 censoring	 is	 that	 patients	 in	
the	 VKA	 group	 contributed	 significantly	more	 eGFR	 records	 over	
time	 than	 patients	 without	 documented	 VKA	 exposure,	 which	 is	
consistent	with	 the	concept	 that	patients	on	VKA	were	more	 fre-
quently	 seen	 by	 their	 physicians	 and/or	 had	 their	 eGFR	 assessed	
more	 often.	 The	 impact	 of	 this	 between-	group	 difference	 on	 the	
results	of	our	analysis	remain	uncertain	for	the	time	being.	Patients	
with	exposure	 to	DOAC	were	excluded	 following	prespecified	ex-
clusion criteria. This was necessary to restrict our analysis to truly 
“untreated”	and	“VKA	exposed”	patients,	since	the	impact	of	DOAC	
on	renal	function	is	 insufficiently	understood	at	present	and	could	
have	biased	our	analysis.	However,	such	analyses	are	equally	needed	
in	 the	 future.	 Prescription	 data	 on	 drugs	 that	 can	 impact	 kidney	
function,	 such	 as	 angiotensin-	converting-	enzyme	 inhibitors	 (ACE-	
I),34	angiotensin-	1-	receptor-	blockers	 (ARBs),35	or	nonsteroidal	anti-	
inflammatory	drugs,36	were	not	available.	 Importantly,	considering	
that	VKA	exposure	may	at	 least	partly	 reflect	 an	 individual	physi-
cian's	“propensity	to	treat,”	patients	with	VKA	may	have	been	more	
likely	to	also	receive	ACE-	Is	and	ARBs,	which	again	would	lead	to	an	
underestimation	of	the	adverse	VKA-	eGFR	association.	Assignment	
to	the	two	treatment	groups	was	ascertained	retrospectively	from	
prescription	data,	which	has	potential	 for	misspecification	of	 anti-
coagulation	treatment.	We	addressed	this	 issue	by	using	the	more	
cautious	 term	 of	 “VKA	 exposure”	 instead	 of	 “VKA	 treatment.”	
Moreover,	we	performed	(A)	two	sensitivity	analyses	evaluating	“in-
cident”	VKA	users	and	VKA	“never	users”	only	or	including	patients	
who	had	a	documented	VKA	prescription	 in	the	month	before	the	
baseline	date	to	the	“incident”	VKA	user	group	and	the	association	
between	VKA	exposure	and	an	accelerated	kidney	function	decline	
was	even	more	pronounced	in	“incident	users,”	which	adds	another	
layer	of	support	for	the	concept	that	VKAs	impair	kidney	function	
over	 time,	 and	 (B)	 two	sensitivity	analyses	 treating	VKA	exposure	
as	a	time-	varying	variable	in	which	the	previously	observed	associa-
tions	also	prevailed.	The	prespecified	in-		and	exclusion	criteria	of	our	
study	selected	14	432	out	of	a	total	of	37	476	patients	for	analysis.	
Notably,	summary	statistics	of	 the	 included	and	excluded	patients	
were	 highly	 similar	 (Table	 S1),	 which	 suggests	 that	 our	 selection	
criteria	did	not	 introduce	material	 selection	bias.	Nonetheless,	we	
cannot	rule	out	that	our	strategy	of	performing	a	so-	called	complete	
case	analysis	may	have	led	to	bias	in	terms	of	selecting	patients	with	
observed	covariables	who	may	differ	in	terms	of	their	outcome	from	
patients	 without	 observed	 covariables.	 However,	 we	 opted	 for	 a	
complete	case	analysis	because	adding	specific	missing	data	 tech-
niques	(such	as	multiple	imputation)	may	have	added	another	layer	
of	complexity	to	the	already	complex	analysis	involving	mixed	mod-
eling	and	propensity	score	analysis.

Data	to	specifically	quantify	 renovascular	calcification,	such	as	
kidney	biopsies	or	computed	tomography	scans,	were	not	available	
to	us,	and	we	hence	cannot	prove	with	certainty	that	renovascular	
calcification	 is	 the	mechanism	by	which	VKA	exposure	 associates	
with	 an	 accelerated	 eGFR	 decline.	 Moreover,	 because	 by	 design	
we	only	 included	patients	with	 stage	3/4	CKD,	our	 results	do	not	
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automatically	generalize	to	other	AF	subpopulations.	Because	there	
is	no	a	priori	reason	to	assume	that	a	potentially	adverse	association	
between	VKA	and	eGFR	decline	is	restricted	to	patients	with	stage	
3/4	CKD,	future	studies	should	investigate	the	association	between	
VKA	and	kidney	 function	also	 in	other	AF	or	CKD	patient	groups.	
Data	on	the	INR	which	may	have	allowed	for	a	more	refined	analysis	
of	VKA	“dose”	and	kidney	outcomes	were	not	available	to	us.	This	is	
an	important	limitation	since	findings	from	case	series	suggest	that	
over-	anticoagulation	with	warfarin,	leading	to	INR	values	>3	may	be	
associated	with	a	faster	decline	in	renal	function.19,30	Similarly,	data	
on	anti-	platelet	agent	comedication	beyond	aspirin	(eg,	clopidogrel	
or	dipyridamole)	which	may	have	yielded	a	refined	propensity	score	
model	were	not	available	to	us.	Finally,	the	median	follow-	up	was	sig-
nificantly	longer	in	patients	exposed	to	VKA	than	in	patients	without	
documented	exposure	to	VKA.	This	potential	bias	was	addressed	in	
a	sensitivity	analysis	were	we	included	only	those	patients	who	had	
at	least	1	year	of	follow-	up.	The	association	between	VKA	exposure	
and	greater	kidney	disease	progression	prevailed	 in	this	sensitivity	
analysis.	 Considering	 the	 large	 sample	 size	 of	 the	 study,	 the	 large	
proportion	of	patients	with	long-	term	follow-	up	(25%	had	follow-	up	
intervals	of	at	least	2.8%	and	10%	had	follow-	up	intervals	of	at	least	
4.3	years),	and	the	robustness	of	our	results	towards	multiple	sensi-
tivity	and	propensity	score	analyses,	our	eGFR	trajectory	data	can	
be	regarded	as	robust.

5  | CONCLUSION

This	 retrospective	 analysis	 of	 prospectively	 collected	 routine	
healthcare	data	in	the	primary	care	setting	supports	the	hypothesis	
that	exposure	to	VKA	has	an	adverse	impact	on	kidney	function	in	
patients	with	AF	and	stage	3/4	CKD,	leading	to	a	more	pronounced	
decline	 in	absolute	and	relative	eGFR	values.	However,	 the	abso-
lute	magnitude	of	 this	association	was	modest.	Our	data	confirm	
and	extend	previous	observations	in	the	real-	world	setting	on	the	
“renovascular	 calcification	 hypothesis”	 within	 the	 largest	 cohort	
study	 on	 this	 topic	 to	 date	 but	 data	 on	 the	 impact	 of	 long-	term	
DOAC	exposure	on	renal	function	are	equally	needed.
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