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Aims: To investigate the decline of estimated glomerular filtration rate (eGFR) in
patients with atrial fibrillation (AF) treated with vitamin K antagonists (VKAs) or non-
VKA oral anticoagulants (NOACs).

Methods: Multicentre prospective cohort study including 1667 patients with non-
valvular AF. The eGFR was assessed by the CKD-EPI formula at baseline and during
follow-up. The primary endpoint of the study was the median annual decline of eGFR
according to VKA (n = 743) or NOAC (n = 924) use. As secondary endpoints, we
analysed the transition to eGFR <50 mL/min/1.73 m? and the eGFR class worsening.
Results: Median age was 73.7 + 9.1 years and 43.3% were women. VKA-treated
patients showed an eGFR decline of —2.11 (interquartile range [IQR] -5.68/-0.62),
which was —-0.27 (IQR -9.00/4.54, P < 0.001 vs VKAs), —1.21 (IQR -9.98/4.02,
P = 0.004 vs VKAs) and —1.32 (IQR -8.70/3.99, P = 0.003 vs VKAs) in patients on
dabigatran, rivaroxaban and apixaban, respectively.

Transition to eGFR <50 mL/min/1.73 m? was lower in dabigatran- and apixaban-
treated patients: odds ratio (OR) 0.492, 95% confidence interval (Cl) 0.298-0.813,
P = 0.006 and OR 0.449, 95% Cl 0.276-0.728, P = 0.001, respectively. A lower rate
of eGFR class worsening was found in all groups of NOACs compared to VKAs. No
difference between full and reduced dose of NOAC was found. Subgroup analysis
showed that the association between NOAC and eGFR changes was markedly
reduced in diabetic patients.

Conclusion: Patients prescribed NOACs showed a lower decline of renal function
compared to those prescribed VKAs. This effect was partially lost in patients with

diabetes.
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1 | INTRODUCTION

Atrial fibrillation (AF) and chronic kidney disease (CKD) are two highly
prevalent and frequently coexisting diseases in elderly patients.>? An
analysis from the EURObservational Research Programme Atrial
Fibrillation (EORP-AF) Pilot Registry estimated that 47.2% of patients
with AF have mild (estimated glomerular filtration rate [eGFR]
<80 mL/min) and 17% moderate (eGFR <50 mL/min) CKD.®

The presence of CKD in patients with AF has therapeutic and
prognostic value, as CKD is associated with a lower quality of anti-
coagulation therapy with vitamin K antagonists (VKAs)*® and
increases the risk of both ischaemic and haemorrhagic complications.®

In AF patients with CKD, the nonvitamin K antagonist oral antico-
agulants (NOACs) are effective and safer than VKAs.”™? In particular,
a recent metanalysis showed a lower risk of ischaemic
stroke/systemic embolism in patients on NOACs as compared to
those on VKAs among patients with mild (risk ratio [RR] 0.79, 95%
confidence interval [CI] 0.68-0.91) and moderate (RR 0.80, 95% CI
0.69-0.92) CKD.” NOACs were also associated with lower major
bleeding events among patients with mild (RR 0.86, 95% Cl 0.77-0.95)
and moderate (RR 0.73, 95% Cl 0.65-0.82) CKD.”

A clinical issue is represented by the modification of kidney func-
tion over time, thus a physiologic decline in eGFR of —0.55 and
—0.33 mL/min/1.73 m?/year in males and females, respectively, has
been described in the general population.?® Concerning the AF popu-
lation, previous studies showed that AF patients on treatment with

1112 \with a

VKAs have a significant risk of kidney function slope,
median annual decline in eGFR of —2.0 mL/min/1.73 m? and 20-30%
of patients experiencing a rapid decline in renal function (loss
>5 mL/min/year of eGFR).!¥!? Thus, an anticoagulant-related
nephropathy has been described for VKAs, especially for excessive
anticoagulation (ie, International Normalized Ratio (INR) > 3.0), proba-
bly due to glomerular haemorrhages causing tubular lesions.*>4
Recent studies have suggested that treatment with NOACs may
favourably affect the modification of renal function in patients with AF,
but this issue has been investigated essentially in the setting of random-

ized controlled clinical trials,*>*¢

in which the characteristics of patients
may not fully reflect those of patients managed in daily clinical practice.
Prospective real-world studies on this specific topic are lacking.

To investigate this issue, we performed a prospective multicentre
cohort study including a cohort of AF outpatients recruited from
internal medicine and cardiology units treated with VKAs or NOACs,
in whom variations of renal function were evaluated at baseline during

follow-up.

2 | METHODS

An observational prospective multicentre study including AF outpa-
tients recruited from five Italian centres of Internal Medicine and Car-
diology: (a) | Clinica Medica, Atherothrombosis Center, Department of
Internal Medicine and Medical Specialties, Sapienza University of

Rome; (b) Department of Cardiovascular, Respiratory, Nephrologic,

What is already known about this subject

e Patients with atrial fibrillation (AF) have a decline of renal
function over time.

e Use of vitamin K antagonists (VKAs) has been associated
to an accelerated decline of estimated glomerular filtra-
tion rate (eGFR).

What this study adds

o AF patients on non-vitamin K antagonist oral anticoagu-
lants (NOACs) showed a lower median decline of eGFR
compared to those on VKAs.

o Dabigatran and Apixaban were associated with a lower tran-
sition to eGFR <50 mL/min/1.73 m? compared to VKAs.

Anesthesiologic and Geriatric Sciences, Division of Gerontology,
Sapienza University of Rome; (c) Department of Medical and Surgical
Sciences, University Magna Greecia of Catanzaro, (d) Cardiology and
Cardiothoracic Surgery Department, San Raffaele University Hospital,
Milan; and (e) Department of Experimental and Clinical Medicine, Uni-
versity of Florence.

All patients with nonvalvular AF aged >18 years who provided their
consent and with a follow-up of at least 1 year were included in the
study. Exclusion criteria were the presence of valvular diseases (mechani-
cal prosthetic heart valves or moderate-severe mitral stenosis), chronic
infectious diseases (ie, human immunodeficiency virus infection, hepatitis
C virus, hepatitis B virus) or autoimmune systemic diseases. Subjects
were also excluded from the study if they had active cancer or liver fail-
ure (eg, cirrhosis). At baseline, anthropometric data as well as com-
orbidities and concomitant therapies were collected. The presence of
cardiovascular risk factors was defined as previously described.*”

At baseline, serum creatinine (mg/dL) was obtained for all
patients. The estimated glomerular filtration rate (eGFR) was calcu-
lated using the CKD-EPI formula.'® Patients were classified in eGFR
categories according to Kidney Disease: Improving Global Outcomes
(KDIGO) guidelines”: normal eGFR (>90 mL/min/1.73 m?, Stage G1),
mildly decreased eGFR (89-60 mL/min/1.73 m?, Stage G2), moder-
ately decreased eGFR (59-30 mL/min/1.73 m? Stage G3), and
severely decreased eGFR (<30 mL/min/1.73 m?, Stage G4). A second
serum creatinine was collected during follow-up at a median of 1.1

(interquartile range [IQR] 1.0-2.5, min. 6 months, max. 10 years) years.

2.1 | Study endpoints

The primary endpoint of the study was the difference in the median
annual decline of eGFR between VKAs and NOAC (dabigatran,
rivaroxaban and apixaban) treated patients. As secondary endpoints



PASTORI ET AL.

BRITISH
PHARMACOLOGICAL 2457
] SOCIETY
oA

we analysed the transition to eGFR <50 mL/min/1.73 m? and the
eGFR class worsening according to KDIGO 2012 classification.

The local ethical boards approved the study protocol. The study
was conducted according to the principles embodied in the Declara-
tion of Helsinki. The data that support the findings of this study are
available on request from the corresponding author. The data are not

publicly available due to privacy or ethical restrictions.

2.2 | Statistical analysis

Categorical variables are reported as counts (percentage). Continuous
variables are expressed as mean + standard deviation (SD) or median
and IQR (25th-75th percentile), as appropriate. Two-sided t-tests or
the Wilcoxon rank sum test, depending on the shape of the distribu-
tion curve, were used to compare means. The Pearson chi-square test
was used to compare proportions. Bivariate analysis was performed
with Pearson's linear correlation. Appropriate nonparametric tests
(Mann-Whitney U test and Spearman rank correlation test) were
employed for all the other variables. Comparisons among groups were
performed with ANOVA or Kruskal Wallis tests.

We calculated the annual absolute decline of the eGFR expressed
as the difference between the two eGFR values (follow-up
eGFR - basal eGFR/years of follow-up). For patients with a second
creatinine collected after 1 year, we assumed a linear extrapolation
for eGFR decline, as we excluded patients with acute kidney failure.

We performed a multivariable logistic regression analysis to calcu-
late the adjusted odds ratios (ORs) of factors associated with the
annual decline of kidney function (below median).

The threshold value of 50 mL/min/1.73 m? was chosen as an
endpoint given that it represents one criterion for dose reduction of
NOAGCs.

The multivariate analysis was determined, including all variables
that could potentially affect renal function: pattern of AF (per-
sistent/permanent vs paroxysmal AF), age 275 years, female sex, arte-
rial hypertension, diabetes mellitus,

history of myocardial

infarction/coronary heart disease, heart failure, history of
stroke/transient ischemic attack, angiotensin converting enzyme
inhibitors/angiotensin receptor blockers, p blockers, calcium channel
antagonists, statins, antiplatelets.

Subgroup analysis by NOAC dose and the presence of diabetes
was performed.

All tests were two-tailed and analyses were performed using
computer software packages (SPSS-25.0, SPSS Inc.). Only P values

<0.050 were considered as statistically significant.

3 | RESULTS
3.1 | Baseline characteristics

The study cohort was composed of 1667 AF patients. Of these,
743 were on VKAs (590 on warfarin and 153 on acenocumarol) and

924 were on NOACs. Of these, 280 were on dabigatran, 299 on
rivaroxaban and 345 on apixaban (n = 345).

The median age of patients was 73.7 + 9.1 years and 43.3% were
women (Table 1). Patients treated with dabigatran (P = 0.041),
rivaroxaban (P < 0.001) and apixaban (P < 0.001) were older than those
treated with VKAs (Table 1). No difference was found regarding arterial
hypertension or anti-hypertensive drug use among groups. Patients on
dabigatran were less likely to use statins, and antiplatelet drugs were
more frequently associated with VKAs than NOACs (Table 1).

Basal eGFR was 70.9 (55.7-85.8; mL/min/1.73 m?); only 20.0% of
patients had a normal renal function at baseline, while 48.1% had a
mild CKD and 31.9% a moderate CKD (ie, <60 mL/min/1.73 m%
Table 1 and Figure 1).

In particular, patients on rivaroxaban and apixaban showed a sig-
nificantly lower baseline renal function compare to VKAs, with a
higher proportion of patients in the G3-G4 eGFR class (Table 1).

3.1.1 | Decline of renal function

The median annual decline of eGFR was —2.11 (IQR -5.68/-0.62)
mL/min/1.73 m? with VKAs, —0.27 (IQR -9.00/4.54) mL/min/1.73 m?
with dabigatran, —1.21 (IQR -9.98/4.02) mL/min/1.73 m? (P < 0.001
vs VKAs) with rivaroxaban (P = 0.004 vs VKAs) and -1.32 (IQR -
8.7/3.99) mL/min/1.73 m? with apixaban (P = 0.003 vs VKAs)
(Figure 2; Kruskall-Wallis P < 0.001).

When we divided patients according to the median decline of
eGFR, we found that dabigatran and rivaroxaban were inversely asso-
ciated with an annual decline below the median (Figure 3), while a
marginal statistical significance was found for apixaban.

For the complete list of covariates see Supporting Information
Table S1.

3.1.2 | Decline of the eGFR below
50 mL/min/1.73 m?

The characteristics of patients with an eGFR above or below
50 mL/min at baseline are reported in Table 2. Patients with an eGFR
<50 mL/min were older, more likely women, with per-
sistent/permanent AF and higher comorbidity burden as compared
with those with eGFR =50 mL/min (Table 2).

This analysis was restricted to 1383 patients with a baseline
eGFR >50 mL/min/1.73 m2

During follow-up, 174 (12.6%) patients showed a decline in eGFR
below 50 mL/min/1.73 m2. Of these, 96 (55.2%) were in the VKA
group and 78 (44.8%) were in the NOAC group: 24 in the dabigatran
group, 28 in the rivaroxaban group and 26 in the apixaban group.

Multivariable logistic regression analysis showed that dabigatran
and apixaban were associated with a lower rate of eGFR decline,
while rivaroxaban did not reach statistical significance (Figure 3).

In addition, calcium channel antagonists (OR 1.641, 95% CI

1.145-2.351, P = 0.007) and age 275 years (OR 2.644, 95% CI
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TABLE 1  Baseline characteristics according to anticoagulant drugs
Overall
(n =1667) VKAs (n = 743)
Age (years) 737 +9.1 72.0+8.9
Age 275 years (%) 51.2 40.5
Women (%) 43.3 415
Persistent/permanent AF (%) 59.3 55.5
CHA,DS, VASc score 35+15 34+15

€GFR (mL/min/1.73 m?)
CKD classes (%)

70.9 [55.7-85.8] 72.2[56.1-88.0]

G1 290 mL/min/1.73 m? 20.0 2138
G2 89-60 mL/min/1.73 m? 48.1 48.6
G3-G4 <60 mL/min/1.73 m?  31.9 29.6
Arterial hypertension (%) 87.5 87.1
Diabetes mellitus (%) 24.0 23.1
History of MI/CHD (%) 18.3 20.3
Heart failure (%) 15.8 18.2
History of stroke/TIA (%) 15.3 10.8
ACE inhibitors (%) 36.0 36.9
ARB:s (%) 37.3 39.4
B blockers (%) 48.3 49.9
Calcium channel antagonists 25.6 28.0
(%)
Statins (%) 43.5 47.8
Anti-platelets (%) 14.3 17.8

Dabigatran Rivaroxaban Apixaban
(n = 280) (n = 299) (n = 345) P value
73.2+8.8* 75.1+ 9.6 76.7 + 8.4** <0.001°
53.6 57.2 67.0 <0.001°
38.9 48.8 46.1 0.045°
62.4 68.6 57.1 0.001°
34+14 37+15" 37 +15M <0.001°
74.2 [61.0-87.7] 65.1[51.3-85.2]* 68.3[54.5-83.3]"T  <0.001¢
<0.001°
21.1 20.1 15.4
57.5 38.5 47.8
21.4 415 36.8
87.0 87.9 88.4 0.921°
24.4 30.5 20.0 0.016°
15.1 16.9 17.7 0.214°
12.0 17.6 11.9 0.012°
211 15.8 20.0 <0.001°
36.2 37.9 32.5 0.457°
329 37.5 36.2 0.263°
471 50.2 441 0.278°
25.4 21.7 23.8 0.158°
36.4 40.8 423 0.006°
11.4 11.7 11.3 0.004°

Abbreviations: ACE, angiotensin converting enzyme; AF, atrial fibrillation; ARBs, angiotensin receptor blockers; CHD, coronary heart disease; CKD, chronic
kidney disease; eGFR, estimated glomerular filtration rate; MI, myocardial infarction; TIA, transient ischemic attack; VKAs, vitamin K antagonists.

*P = 0.041 vs VKAs.
**P < 0.001 vs VKAs.
P =0.005 vs VKAs.
MP = 0.002 vs VKA.
TP =0.010 vs VKAs.
TP = 0.019 vs VKAs.
2ANOVA test.

bx2 test.
“Kruskal-Wallis test.

1.852-3.774, P < 0.001) were associated with a higher rate of eGFR
decrease. For the complete list of covariates see Supporting Informa-
tion Table S2.

3.1.3 | eGFR class worsening

The distribution of patients into eGFR classes at baseline and during
follow-up is shown in Figure 1.

In the whole cohort, 411 (24.7%) of patients passed to a lower
eGFR class. Of these 360 (87.6%) changed only one class, while
26 (6.3%) decreased two or more classes.

The

significantly

with
treated with VKAs
compared to those on NOACs (+12.5% vs +3.1%, respectively;

CKD

as

proportion  of  patients moderate

increased in patients

Figure 1).

Overall, the number of patients showing a worsening in renal
class was higher in the VKA group compared to the NOAC group
(P = 0.002; Figure 4).

Multivariable logistic regression analysis showed that all three
NOACs compared to VKAs were associated with a reduced rate of
eGFR class worsening (Figure 3).

For the complete list of covariates see Supporting Information
Table S3.

3.2 | Subgroup analysis
Full versus reduced dose of NOACs

321 |

Among the 924 patients on NOACs, 477 (51.6%) patients were taking
a reduced dose. The median annual difference of eGFR was not
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FIGURE 1 Distribution of patients among

eGFR classes according to treatment with vitamin 60%
K (VKA) or nonvitamin K oral anticoagulants

(NOAC:s) at baseline and during follow-up. G1, 50%
eGFR >90 mL/min/1.73 m%; G2, eGFR

89-60 mL/min/1.73 m?; G3, eGFR 40%

59-30 mL/min/1.73 m?; G4, eGFR

<30 mL/min/1.73 m? 30%

21.8%

20% 16.2%
10%
0%
G1

60%
50%
40%

30%

20% 18.6%

15.9%
10% I
0%
G1

different between full and reduced NOAC groups (P = 0.165). Logistic
regression analysis showed no association between reduced dose and
eGFR class worsening (univariate OR 1.063, 95% Cl 0.774-1.458,
P =0.706).

Conversely, an increased rate of eGFR from above to below
reduced dose of

50 mL/min was found in patients on a

Patients on VKAs
48.6%
37.8% 39.6%
27.1%
6.5%
2.6%
|
G2 G3 G4
H Basal eGFR class Follow-up eGFR class
Patients on NOACs
0,
47.7% 45 6%
36.0%
32.9%
I 0.8% 2.5%
G2 G3 G4
m Basal eGFR class Follow-up eGFR class

3.2.2 | Patients with and without diabetes

In the whole cohort, 24% of patients had diabetes. The proportion of
diabetic patients was higher in the group of patients on rivaroxaban
(Table 1). When we investigated the association between NOAC use
and renal endpoints according to the presence of diabetes, we found
that the use of NOAC was generally not significantly associated with

eGFR changes in the group of patients with diabetes (Table 3). The

NOACs (n = 766, univariate OR 2.516, 95% Cl 1.541-4.109,
P < 0.001).
11
09—
7—
5—

*P<0.001 vs. VKAs
**P=0.004 vs. VKAs
***P=0.003 vs. VKAs

Median annual decline of eGFR mL/min/1.73 mq
(25th-75th Interquartile Range)
1
o
|

[IQR -5.68/-0.62]

-2.11

-0.27 -1.21 -1.32
[IQR -9.00/4.54]* [IQR -9.98/4.02]** [IQR -8.70/3.99]***

FIGURE 2 Median annual change in eGFR
according to anticoagulant drugs

| I [

I
VKAs Dabigatran Rivaroxaban Apixaban
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Median annual decline of eGFR
Incident eGFR <50 mL/min/1.3 m2

eGFR class worsening

0.6 0.8
Odds Ratio

1.0 1.2

g::i 95%Cl (vﬁ.‘ﬂ"ci)
Dabigatran 0.701  0.527-0.933 0.015
Rivaroxaban  0.750  0.568-0.990 0.042
Apixaban 0.767  0.587-1.003 0.053
Dabigatran 0.492  0.298-0.813 0.006
Rivaroxaban  0.658 0.410-1.054 0.081
Apixaban 0.449  0.276-0.728 0.001
Dabigatran 0.700  0.503-0.975 0.035
Rivaroxaban  0.591 0.423-0.825 0.002
Apixaban 0.591  0.429-0.815 0.001

FIGURE 3 Adjusted OR for each direct oral anticoagulant drug for prespecified endpoints as compared to VKAs. Adjusted for pattern of atrial
fibrillation, age 275 years, female sex, arterial hypertension, diabetes mellitus, history of myocardial infarction/coronary heart disease, heart
failure, history of stroke/transient ischemic attack, angiotensin converting enzyme inhibitor, angiotensin receptor blockers, p blockers, calcium

channel antagonists, statins, antiplatelets

TABLE 2

Age (years)

Women (%)
Persistent/permanent AF (%)
CHA,DS, VASc score
Arterial hypertension (%)
Diabetes mellitus (%)
History of MI/CHD (%)
Heart failure (%)

History of stroke/TIA (%)
ACE inhibitors (%)

ARBs (%)

B blockers (%)

Calcium channel antagonists (%)
Statins (%)

Anti-platelets (%)

eGFR 250
mL/min (n = 1383)

728+9.2

41.6

58.0
34+15

86.2

231

171

13.6

14.8

34.9

37.1

47.6

252

43.0

14.0

Characteristics of patients with eGFR above and below 50 mL/min at baseline

eGFR <50

mL/min (n = 284)

782+7.1

51.8

65.6
42+14

93.7

28.6

241

26.4

17.7

41.7

384

51.8

271

46.1

155

P value
<0.001°
0.002°
0.020°
<0.001°
<0.001°
0.056°
0.007°
<0.001°
0.239°
0.035°
0.687°
0.216°
0.502°
0.325°
0.515°

Abbreviations: ACE, angiotensin converting enzyme; AF, atrial fibrillation; ARBs, angiotensin receptor blockers; CHD, coronary heart disease; eGFR, esti-
mated glomerular filtration rate; MI, myocardial infarction; TIA, transient ischemic attack.

aStudent t-test.
bX2 test.

only significant association was for apixaban against incident eGFR

<50 mL/min (Table 3).

4 | DISCUSSION

In this prospective multicentre cohort study, we showed that AF

patients prescribed NOACs disclosed a lower median annual decline

of eGFR, less eGFR class worsening and a lower transition from eGFR

above to below 50 mL/min/1.73 m? compared to patients treated

with VKAs.

In our study the median annual decline of eGFR in patients on

VKAs was —2 mL/min, which is slightly lower than that observed in

the warfarin arms of clinical trials. Thus, in the post hoc analysis of

Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-

LY), patients on warfarin showed a decline in creatinine clearance of
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VKAs mDabigatran Rivaroxaban ™ Apixaban

FIGURE 4 Proportion of patients showing eGFR class worsening
according to anticoagulation treatment

—3.68 (£0.24) mL/min*® and —4.3 + 14.6 mL/min in the Rivaroxaban
Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K
Antagonism for Prevention of Stroke and Embolism Trial in Atrial
Fibrillation (ROCKET AF) trial.*®

In addition, we found a lower decline of renal function compared
with AF patients included in the RE-LY and ROCKET trials.2>%¢ Rea-
sons for this difference may be several, including the fact that we
used eGFR rather than creatinine clearance to estimate renal function
and the characteristics of patients included in the studies. For
instance, in the ROCKET AF trial, patients on rivaroxaban had a
decline of —3.5 + 15.1 mL/min, which was significantly lower than in
warfarin-treated patients (P < 0.001), but still higher than that
observed in our study (median —1.21 mL/min).X® However, our
patients presented with fewer comorbidities, including diabetes (30 vs
40%), heart failure (18 vs 62%) and history of cerebrovascular events
(16 vs 55%) compared to the ROCKET AF cohort.*®

In the RE-LY trial, patients on dabigatran 110 mg/day showed a
decline in eGFR of —2.57 (+0.24) mL/min (P = 0.0009 vs warfarin) and

BRITISH
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those on 150 mg/day showed a decline in eGFR of —2.46 (+0.23)

mL/min (P = 0.0002 vs warfarin).*> Conversely, in our study, the renal

4
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function of patients treated with dabigatran was essentially stable at
1 year. A relevant difference between the two studies relies on the
baseline eGFR class distribution: in our study a higher proportion of
patients had normal renal function (eGFr 290 mL/min) at baseline
compared to RE-LY patients (20 vs 7.5%), with fewer patients pre-
senting with stage 3-5 CKD (21.4 vs >40% in the RE-LY).?® This is of
concern as a baseline low eGFR class is a risk factor for future decline
of renal function.*?

Another retrospective study showed that NOACs were globally
associated with a lower risk of 230% loss of eGFR (Hazard Ratio
(HR) 0.77, 95% Cl 0.66-0.89, P < 0.001) compared to warfarin, with
dabigatran and rivaroxaban showing the most favourable profile for
renal outcomes.2°

We also analysed other markers of renal functional decrease not
previously investigated in AF patients treated with NOACs, such as
eGFR class worsening and eGFR passing from above to below
50 mL/min. We found that almost 25% of patients changed eGFR
classes during follow-up. This finding is clinically relevant and suggests
that one in four patients will pass to a lower eGFR class with most
patients changing one class of eGFR and 6.3% of patients decreasing
by two or more classes. In particular, we found a significantly lower
proportion of patients on NOACs showing an eGFR class worsening
as compared to those on VKAs. Thus, 29.1% of patients on VKAs
changed to a lower eGFR class as compared to 20.6%, 20.1% and
22.9% of patients on apixaban, rivaroxaban and dabigatran,
respectively.

Furthermore, 174 (12.6%) patients had an eGFR transitioning
from above to below 50 mL/min. We found that age (ie, >75 years)
and patients using calcium channel blockers were more likely to pass
below 50 mL/min, whilst treatment with dabigatran and apixaban was

associated with a lower rate of eGFR decline.

TABLE 3  Adjusted OR for NOAC use according to each renal endpoint in patients with and without diabetes

With diabetes Without diabetes

OR (95% Cl) P value OR (95% ClI) P value
Median annual decline of eGFR
Dabigatran 0.621 (0.345-1.117) 0.112 0.734 (0.528-1.020) 0.065
Rivaroxaban 0.777 (0.455-1.329) 0.357 0.741 (0.534-1.029) 0.073
Apixaban 0.591 (0.326-1.073) 0.084 0.822 (0.606-1.113) 0.205
Incident eGFR <50 mL/min
Dabigatran 0.406 (0.146-1.125) 0.083 0.527 (0.292-0.952) 0.034
Rivaroxaban 0.677 (0.285-1.610) 0.378 0.599 (0.334-1.073 0.085
Apixaban 0.261 (0.081-0.839) 0.024 0.497 (0.288-0.857) 0.012
eGFR class worsening
Dabigatran 1.127 (0.578-2.198) 0.725 0.611 (0.415-0.898) 0.012
Rivaroxaban 0.789 (0.412-1.511) 0.475 0.539 (0.363-0.800) 0.002
Apixaban 0.690 (0.327-1.453) 0.329 0.567 (0.396-0.813) 0.002

Abbreviations: Cl, confidence interval; eGFR, estimated glomerular filtration rate; OR, odds ratio.
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The significant proportion of patients passing to a lower eGFR
class during follow-up, and in particular passing from above to below
50 mL/min, should be regarded to as a clinically important issue for
the management of anticoagulant therapy. Thus, these patients should
be closely monitored during follow-up, as according to European
Heart Rhythm Association (EHRA)

transitioning to eGFR <50 mL/min will require a dose reduction of

practical guide patients
rivaroxaban and edoxaban, while for dabigatran and apixaban a dose
reduction may be considered according to bleeding risk and the
patient's profile.2*

Finally, we analysed the effect according to the dosage of NOACs
and the presence of diabetes. We found no apparent difference
between full and reduced dose of NOACs for renal endpoints,
suggesting that also reduced dose of NOAC may be useful in this con-
text when appropriately prescribed. Regarding patients with diabetes,
who are the subgroup of patients at highest risk of kidney failure, we
found that the effect of NOAC was markedly reduced, as the associa-
tion of NOAC use with almost all renal endpoints became non-signifi-
cant. This result suggests that other factors, such as glycaemic
control, may play a more prominent role in kidney function protection
in patients with AF.

Altogether these findings have clinical implications. The differ-
ence in absolute annual decline of eGFR between VKAs and NOACs
may be relevant considering the risk of end-stage renal disease
(ESRD) associated with eGFR decline. Thus, it is estimated that for
each —2 mL/min of eGFR, there is a risk of ESRD of HR 2.71 (95% CI
2.08-3.53). Furthermore, worsening of renal function has been
shown to be associated with an increased risk of thromboembolic and
bleeding events in AF patients.??

Regarding anticoagulation treatment, previous findings showed
that NOACs should be preferred over VKAs in AF patients with wors-
ening CKD because they are safe and effective in this subgroup of
patients.Z® Our results reinforce the favourable effect of NOACs in
AF patients with CKD, highlighting that NOACs are also associated
with a slower decline of renal function over time.

The limitations of the study include the study design, as this
was not a randomized trial aimed at comparing the efficacy of
NOACs versus warfarin regarding renal function modifications.
Thus, a cause-effect relationship cannot be established, only an
association can be deduced. Furthermore, we included only Cauca-
sian patients, thus the generalizability of our results to other
populations is uncertain. Finally, decline of renal function was eval-
uated only by two points of creatinine during a median follow-up
of 1 year. A more accurate evaluation of renal function would
include the presence of albuminuria, which was not measured in
this study, and a longer follow-up. Indeed, we assumed a linear
decline of eGFR for patients with a second creatinine collected
after 1 year. Nevertheless, in the absence of acute events causing
a sudden worsening of kidney function (such as acute kidney fail-
ure due to drugs), it is clinically reasonable to assume such a linear
change of renal function. Finally, we cannot exclude that NOAC
patients who were previously treated with VKAs may have a dif-

ferent course of eGFR compared to NOAC-naive patients.

In conclusion, in this prospective study the use of NOACs was
associated with a lower decline of renal function in patients with non-
valvular AF. What we observed seems to be a class effect, with few
differences among NOACs depending on the endpoint considered.
We found no apparent difference between full and reduced dose of
NOAC:s but the favourable association between NOAC use and eGFR

decline was markedly reduced in patients with diabetes.
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