











Arrhythmias and sudden death

Figure 1 Estimated glomerular filtration rate (eGFR) at
baseline in relation to age.

decline in eGFR was similar at -1.1 (-4.2 to 0.9) mL/
min/1.783m?and -1.1 (-4.7 to 2.1) mL/min/1.73m?, and
a total of 955 (36.6%) and 460 (31.9%) patients had a
decline in eGFR t20% from baseline, respectively (online
supplemental table S2 and figure S2). In addition, among
the 3331 patients with eGFR t50 at baseline, a total of 813
(24.4%) developed eGFR <50 (dose reduction criteria for
dabigatran etexilate, rivaroxaban and edoxaban) during
a median follow-up of 1.7 years. Similarly, among the
3945 patients with eGFR t30 at baseline, a total of 319
(8.1%) developed eGFR <30 (dose reduction criteria for
apixaban) during follow-up (online supplemental table
S2).

Worsening eGFR with an annual decline t20% from
baseline was associated with several patient characteristics
and comorbidities in the adjusted analysis, including age,
female sex, diabetes mellitus and heart failure (table 3).

DISCUSSION

We showed in this real-world evidence study that use
of DOAC has increased between 2013 and 2018, with a
corresponding decrease in warfarin in patients with AF. A
similar trend was seen for patients with mild to moderate
CKD, while use of DOAC in preference to warfarin
increased considerably slower among patients with severe
CKD and end-stage CKD/dialysis. In warfarin-treated
patients, poor TTR (<70%) was observed to a higher
degree among patients with severe CKD and end-stage
CKD /dialysis. In addition, this study verified that there is

Figure 3 Proportion of patients in different TTR ranges
across various chronic kidney disease stages. eGFR,
estimated glomerular filtration rate; TTR, time in therapeutic
range.

Figure 2 Treatment initiation with warfarin or DOAC between 2013 and 2018 in Uppsala County based on CKD stage. CKD,
chronic kidney disease; DOAC, direct oral anticoagulant; eGFR, estimated glomerular filtration rate.
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Table 2 Predictors of poor TTR

Characteristics Coefficient (95% Cl) P value
CKD stages

eGFR =90 Reference

eGFR 60-89 3.9(2.2t05.6) <0.001

eGFR 30-59 3.0(1.1t05.0) 0.002

eGFR 15-29 -0.9(-4.0t02.2) 0.58

eGFR <15/dialysis -5.5(-11.0t0 0.1) 0.05
Age (/10 years) 0.4 (-0.1t01.0) 0.12
Sex, female -0.7 (-1.6100.2) 0.14
Hypertension 0.2 (-0.8t01.1) 0.70
Diabetes mellitus -2.1(-3.4t0-0.9) <0.001
Prior stroke/TIA/systemic 0.6 (—0.7 to 1.9) 0.34
embolism
Prior M 0.7 (-1.3t0 2.6) 0.50
Prior PCI or CABG 0.2(-1.5t01.9) 0.82
Heart failure -3.5(-4.9t0-2.2) <0.001
Peripheral vascular -1.8(-3.9100.3) 0.10
disease
COPD —-6.3 (-8.2to —4.5) <0.001
Cancer (within 3 years) -0.2(-2.1t01.8) 0.86
Prior major bleeding -1.6(-3.4100.2) 0.08
Acetylsalicylic acid -1.5(-2.6 to —-0.4) 0.01
P2Y., inhibitor 0.5(-2.51t03.5) 0.74

CABG, coronary artery bypass grafting; CKD, chronic kidney
disease; COPD, chronic obstructive pulmonary disease; eGFR,
estimated glomerular filtration rate; MI, myocardial infarction;
PCI, percutaneous coronary intervention; TIA, transient ischaemic
attack; TTR, time in therapeutic range.

a gradual decline in renal function over time in patients
with AF, with a more rapid reduction among patients with
older age, female sex, diabetes mellitus and heart failure.

CKD is a common finding among patients with AF
and it is believed that CKD might contribute to the
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Figure 4 Median change in estimated glomerular
filtration rate (€GFR) over time in patients treated with oral

anticoagulants.
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Table 3 Predictors of worsening renal function (>20%
decline in eGFR) over time

Characteristics OR (95% Cl) P value
CKD stages

eGFR >90 Reference

eGFR 60-89 1.13(0.79 10 1.61) 0.51

eGFR 30-59 1.05 (0.71 t0 1.55) 0.82

eGFR 15-29 1.09 (0.61 10 1.97) 0.77

eGFR <15/dialysis 1.25(0.39 t0 3.97) 0.71
Age (/10 years) 1.49 (1.35 t0 1.65) <0.001
Sex, female 1.29 (1.10 t0 1.52) 0.002
Hypertension 1.17 (0.98 t0 1.39) 0.09
Diabetes mellitus 1.55 (1.27 t0 1.90) <0.001
Prior stroke/TIA/systemic  0.75 (0.60 to 0.95) 0.02
embolism
Prior MI 1.01 (0.73 to 1.40) 0.93
Prior PCI or CABG 1.13 (0.85 to 1.49) 0.41
Heart failure 1.91 (1.53 t0 2.39) <0.001
Peripheral vascular disease 1.31(0.93 to 1.83) 0.12
COPD 1.34 (0.99 to 1.81) 0.06
Cancer (within 3 years) 0.81 (0.57 to 1.16) 0.26
Prior major bleeding 1.21 (0.89 10 1.63) 0.23

CABG, coronary artery bypass grafting; CKD, chronic kidney
disease; COPD, chronic obstructive pulmonary disease; eGFR,
estimated glomerular filtration rate; MI, myocardial infarction;
PCI, percutaneous coronary intervention; TIA, transient ischaemic
attack.

development and progression of AF.** Both CKD and AF
share common risk factors, including hypertension and
diabetes mellitus, which might explain the mechanisms
linking both diseases despite a causal pathway not being
fully elucidated.* Clinical practice guidelines recom-
mend treatment with OACs, and preferably DOACs, of
patients with AF and risk of ischaemic stroke.' * Further-
more, guidelines recommend assessment of thromboem-
bolic and bleeding risk before initiating OAC therapy.
However, current risk scores for prediction of thrombo-
embolism and bleeding in patients with AF and CKD are
inadequate as they have not been validated in patients
with CKD and do not take into account the level of renal
function impairment.25 For patients already on warfarin
and with TTR <70%, switching to DOAC is recom-
mended. Similar recommendations are given to patients
with AF and mild to moderate CKD, where DOAC versus
warfarin in the landmark DOAC trials showed similar effi-
cacy and better safety profile.! However, for patients with
severe CKD or end-stage CKD/dialysis, data regarding the
safety and efficacy with DOACs versus warfarin are scarce.
Clinical practice guidelines recommend reduced dosage
regimens for rivaroxaban, apixaban and edoxaban as
feasible options to patients with severe CKD." For patients
with end-stage CKD and dialysis, the question regarding
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anticoagulant therapy for stroke prevention is highly
debated as observational data have indicated higher risk
of bleeding and uncertainty about potential benefits with
OAC for stroke prevention.? For warfarin, there are also
concerns regarding possible risk of calciphylaxis, vascular
calcification, vertebral fractures and nephropathy.' 27 %
Also, the safety and efficacy of warfarin are limited by a
narrow therapeutic window which requires stringent INR
control between 2.0 and 3.0 and optimally a TTR >70%,
which might be difficult to achieve in patients with CKD.*

In the present study, we found that treatment with
DOACG: steadily increased with time since their introduc-
tion, with a concurrent decline in warfarin. This trend was
observed in patients with mild to moderate CKD, but not in
patients with severe CKD or end-stage CKD/dialysis. This
is in accordance with current recommendations provided
in guidelines and is similar to changes seen across other
European countries.”* In our study, the median TTR was
high as observed in other Swedish studies on warfarin.'
However, for patients treated with warfarin and with severe
to end-stage CKD or dialysis, the proportion of those with
adequate TTR was low, with only 49.6% and 42.9% of
patients achieving TTR >70%, respectively. Furthermore,
there was a trend towards end-stage CKD/dialysis being an
independent predictor of poor TTR; however, this finding
was not statistically significant probably due to the small
sample size. Similar observations have previously been
made in other studies showing that patients with CKD
more often have supratherapeutic INRs and subsequently
higher risk of major bleeding.” The underlying mecha-
nism linking CKD and poor INR control is unknown, but
it has been speculated that renal dysfunction might reduce
clearance of warfarin and that advanced CKD more often
triggers therapy discontinuation and treatment with other
drugs/interventions, which might alter warfarin concentra-
tions.” These findings have implications for warfarin treat-
ment in patients with severe to end-stage CKD or dialysis
and might be mitigated by more frequent and systematic
INR sampling or by replacing warfarin with DOACs as they
might have a supporting role in this situation, especially in
patients with eGFR >15mL/min/1.73 m>.

Another important finding in this study is that patients
with AF have a gradual decline in renal function over time.
These findings are in accordance with prior observations
made in patients with AE* * In the present study, the
median annual decline in eGFR was —1.1 mL/min/1.73 mQ,
with a more pronounced decline observed among patients
with older age, female sex, diabetes mellitus and heart
failure. Thus, in patients with normal renal function
and with no risk factors, there seems to be only a modest
need for close monitoring of renal function. However, for
patients with poor renal function at treatment initiation or
for patients with the above risk factors for rapid decline in
renal function, more frequent monitoring of renal func-
tion might be advisable. For patients treated with DOACs,
which are all partially eliminated by the kidney, frequent
monitoring of renal function might be justified in those
with risk factors for rapid decline in renal function or for

patients where dose reduction or treatment discontinu-
ation might be warranted due to renal limitations. As an
example, the results showed that a quarter of the patients
with an eGFR above 50mL/min/1.73 m? had an eGFR
below 50mL/min/1.73 m? after a median follow-up period
of 1.7 years, a cut-off point where most of the DOACs need
to be dose-adjusted.

The present study has several strengths and some limita-
tions that merit acknowledgement. The key strength is
the inclusion of consecutive real-life patients with AF with
no loss to follow-up. Furthermore, the good availability
of measurements of creatinine-based eGFR and INR and,
in many patients, serial measurements of eGFR and INR
are also strengths. However, for serial measurements of
eGFR, only 61.7% of patients had two or more measure-
ments available over a 1-year period, which is a limitation to
parts of this study. The inclusion of patients with complete
information on baseline characteristics and antithrombotic
treatment provided opportunities to study the associations
between renal function and TTR and time-dependent
decline in renal function over time. A limitation is that we
only had access to renal function covering patients in one
region of Sweden, which might not be representative of
nationwide estimates. Another limitation is that we did not
have access to the INR measurements made using home
monitoring devices. However, the study population had a
median of 44 INR measurements per patient during the
entire follow-up and the INR control in this cohort is likely
to be closer to daily clinical practice than in clinical trials.
Finally, we only accounted for comorbidities and medica-
tions available at baseline when assessing the associations
between renal function, TTR and decline in renal function
over time and thus residual confounders might be present.

CONCLUSIONS

In reallife patients with AF, treatment with DOAC over
warfarin has dramatically increased during the last years
across normal and moderate levels of CKD. However, this
trend was not observed among patients with severe to end-
stage CKD/dialysis despite these patients having poor INR
control. A gradual decline in renal function was observed
among patients with AF over time, with a more rapid
decline observed among those with older age, female sex,
diabetes mellitus and/or heart failure. A close follow-up of
patients at risk might be crucial to timely adjust OAC treat-
ment in terms of drug of choice and correct dosage.
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Supplementary Table S1. The International Code of Disease, tenth revision (ICD-10) and the

Anatomical Therapeutic Chemical (ATC) codes applied to identify comorbidities and comedication

eGFR levels are based on the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.
Abbreviations: CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; DOAC, direct oral anticoagulants;
eGFR, estimated glomerular filtration rate; INR, international normalised ratio; MI, myocardial infarction; NPR, National Patient Register;

OAC, oral anticoagulants; PCI, percutaneous coronary intervention; TIA, transient ischaemic attack; TTR, time in therapeutic range.

Variable Data source ICD-10 / ATC code

Age AuriculA -

Sex AuriculA -

Hypertension NPR 110, 111, 112, 113, 115

Diabetes mellitus NPR E10, E11, E12, E13, E14

Prior stroke NPR 160, 161, 163, 164

Prior TIA NPR G45

Prior systemic embolism NPR 174

Prior M| NPR 121, 122, 123, 1252

Prior PCI or CABG NPR 2951, 2955

Heart failure NPR 142, 150, 1110, 1255, 1130, 1132, K761

Peripheral vascular disease NPR 170, 171,172, 173

COPD NPR J43, J44

Cancer (within 3 years) NPR C

Prior major bleeding NPR 160, 161, 162, S064, S065, S066, K226, K250, K252, K254, K256, K260,
K262, K264, K266, K270, K272, K274, K276, K280, K282, K284, K286,
K290, K625, K661, K920, K921, K922, 1850, 1983, N02, R319, N939,
N950, N501A, H113, H313, H356, H431, H450, H922, 1312, J942,
M250, R04, R58, T810, D500, D629, T792

CHA2DS2-VASCc score AuriculA, NPR 1 point each for: heart failure, hypertension, age 65- 74 years, diabetes,
vascular disease, female sex; 2 points each for 75 years,
thromboembolism.

Creatinine/eGFR AuriculA -

INR AuriculA -

Warfarin AuriculA -

DOAC AuriculA -

Dabigatran etexilate AuriculA -

Rivaroxaban AuriculA -

Apixaban AuriculA -

Edoxaban AuriculA -

Other OAC AuriculA -

Acetylsalicylic acid
P2Y 12 inhibitor

Prescribed Drug Register
Prescribed Drug Register

BO1ACO06

BO1AC04, BO1AC05, B0O1AC22, BO1AC24
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Supplementary Figure S1. Consort diagram illustrating inclusion and exclusion of patients

Patients with AF between 2013-01-01 - 2018-12-31
in Uppsala County, n = 7,986

Patients <18 years, n=0

Patients with mitral stenosis or
mechanical heart valve, n = 162

No creatinine (eGFR)
measurement, n = 1,257

v

Patient eligible for inclusion, n = 6,567
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Supplementary Table S2. CKD stage at baseline (columns) and at end of follow-up (rows)

eGFR <15/
Baseline/ eGFR290  eGFR60-89 eGFR30-59  eGFR 15-29 dialysis
End follow-up (n = 364) (n = 2,384) (n=1,197) (n=94) n=16)
eGFR 290 201 (55.2) 87 (3.7) 2(0.2) 0(0.0) 0(0.0)
eGFR 60-89 152 (41.8) 1712 (71.8) 175 (14.6) 3(3.2) 0(0.0)
eGFR 30-59 11 (3.0) 561 (23.5) 881 (73.6) 24 (25.5) 4(25.0)
eGFR 15-29 0(0.0) 21(0.9) 132 (11.0) 48 (51.1) 3(18.8)
eGFR <15/dialysis 0(0.0) 3(0.1) 7(0.6) 19 (20.2) 9 (56.3)

eGFR levels are based on the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.

Abbreviations: eGFR, estimated glomerular filtration rate
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Supplementary Figure S2. Median change in eGFR over time in patients treated with (A) warfarin

and (B) DOAC
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