Aalborg Universitet AALBORG

UNIVERSITY

Medium-term and long-term renal function changes with direct oral anticoagulants in
elderly patients with atrial fibrillation

Armentaro, Giuseppe; D'Arrigo, Graziella; Bo, Mario; Cassano, Velia; Miceli, Sofia; Pitino,
Annalisa; Tripepi, Giovanni; Romeo, Santina Maria Grazia; Sesti, Giorgio; Lip, Gregory Y. H.;
Pastori, Daniele; Gori, Mercedes; Sciacqua, Angela

Published in:
Frontiers in Pharmacology

DOl (link to publication from Publisher):
10.3389/fphar.2023.1210560

Creative Commons License
CCBY 4.0

Publication date:
2023

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):

Armentaro, G., D'Arrigo, G., Bo, M., Cassano, V., Miceli, S., Pitino, A., Tripepi, G., Romeo, S. M. G., Sesti, G.,
Lip, G. Y. H., Pastori, D., Gori, M., & Sciacqua, A. (2023). Medium-term and long-term renal function changes
with direct oral anticoagulants in elderly patients with atrial fibrillation. Frontiers in Pharmacology, 14, Article
1210560. https://doi.org/10.3389/fphar.2023.1210560

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

- Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
- You may not further distribute the material or use it for any profit-making activity or commercial gain
- You may freely distribute the URL identifying the publication in the public portal -


https://doi.org/10.3389/fphar.2023.1210560
https://vbn.aau.dk/en/publications/9838812b-699c-4070-8aa7-eaae0c1c9feb
https://doi.org/10.3389/fphar.2023.1210560

Take down policy

If you believe that this document breaches copyright please contact us at von@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: December 04, 2025



a' frontiers ‘ Frontiers in Pharmacology

’ @ Check for updates

OPEN ACCESS

EDITED BY
Mahmood Mozaffari,
Augusta University, United States

REVIEWED BY
Worku Abebe,

Augusta University, United States
Arun H. S. Kumar,

University College Dublin, Ireland
Doris Barcellona,

University of Cagliari, Italy

*CORRESPONDENCE
Giovanni Tripepi,
gtripepi@ifc.cnr.it

These authors have contributed equally
to this work and share first authorship

These authors have contributed equally
to this work and share last authorship

RECEIVED 22 April 2023
ACCEPTED 21 June 2023
PUBLISHED 04 July 2023

CITATION
Armentaro G, D'Arrigo G, Bo M,
Cassano V, Miceli S, Pitino A, Tripepi G,
Romeo SMG, Sesti G, Lip GYH, Pastori D,
Gori M and Sciacqua A (2023), Medium-
term and long-term renal function
changes with direct oral anticoagulants in
elderly patients with atrial fibrillation.
Front. Pharmacol. 14:1210560.

doi: 10.3389/fphar.2023.1210560

COPYRIGHT

© 2023 Armentaro, D'Arrigo, Bo,
Cassano, Miceli, Pitino, Tripepi, Romeo,
Sesti, Lip, Pastori, Gori and Sciacqua. This
is an open-access article distributed
under the terms of the Creative
Commons Attribution License (CC BY).
The use, distribution or reproduction in
other forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Pharmacology

TvpE Original Research
PUBLISHED 04 July 2023
pol 10.3389/fphar.2023.1210560

Medium-term and long-term
renal function changes with direct
oral anticoagulants in elderly
patients with atrial fibrillation

Giuseppe Armentaro'!, Graziella D'Arrigo?!, Mario Bo*',

Velia Cassano?, Sofia Miceli?, Annalisa Pitino*, Giovanni Tripepi?*,
Santina Maria Grazia Romeo®, Giorgio Sesti®, Gregory Y. H. Lip’,
Daniele Pastori®, Mercedes Gori** and Angela Sciacqua®

Department of Medical and Surgical Sciences, University Magna Greecia of Catanzaro, Catanzaro, Italy,
2Institute of Clinical Physiology (IFC-CNR), Section of Reggio Calabria, Reggio Calabria, Italy, *Section of
Geriatrics, Department of Medical Sciences, University of Turin, Molinette Hospital, Turin, Italy, “Institute
of Clinical Physiology (IFC-CNR), Section of Rome, Rome, ltaly, °Department of Advanced Biomedical
Sciences, University “Federico II, Naples, Italy, °Department of Clinical and Molecular Medicine, University
Rome-Sapienza, Rome, Italy, ‘Department of Clinical MedicineAalborg University, Liverpool Centre for
Cardiovascular Science, University of Liverpool, Liverpool John Moores University and Liverpool Heart
and Chest Hospital, Liverpool, Denmark, ®Department of Clinical Internal, Anesthesiological and
Cardiovascular Sciences, Sapienza University of Rome, Rome, ltaly

Objective: Atrial Fibrillation (AF) and chronic kidney disease frequently coexist in
the elderly. Warfarin-like drugs (WLDs) may be associated with a relatively greater
decrease of estimated glomerular filtration rate (eGFR) as compared to direct oral
anticoagulants (DOACs), but there is no evidence on the medium- and long-term
changes. To further elucidate this issue in elderly patients with AF, we investigated
the renal function deterioration in the two groups of the study (DOACs or WLDs).

Patients and Methods: A total of 420 AF patients were enrolled (mean age: 77.0 +
6.0 years; 136 on WLDs and 284 on DOACs). These patients underwent three eGFR
measurements during the follow-up period. The between-arms difference of
eGFR decline over time was investigated by Linear Mixed Models and group-based
trajectory model analyses.

Results: In the whole study cohort, after a median follow-up of 4.9 years (interquartile
range: 2.7-7.0 years), eGFR decreased from 67.4 + 18.2 to 47.1 + 14.3 mL/min/1.73 m?
(p < 0.001). Remarkably, patients on DOACs experienced a significantly smaller eGFR
decline than WLDs patients (-21.3% vs. —45.1%, p < 0.001) and this was true both in the
medium-term  (-6.6 vs. -19.9mL/min/1.73m? and in the long-term
(-13.5 versus —34.2 mL/min/1.73 m?) period. After stratification into five subgroups
according to trajectories of renal function decline over time, logistic regression
showed that DOACs patients had from 3.03 to 4.24-fold greater likelihood to
belong to the trajectory with less marked eGFR decline over time than WLDs patients.

Conclusion: Elderly patients with AF on treatment with DOACs had a relatively
smaller decline of eGFR over time compared to those on treatment with WLDs.
This is consistent with what was partly reported in the literature.

KEYWORDS
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decline
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1 Introduction

Atrial fibrillation (AF) affects approximately 5% of the over-65
population (Miyasaka Y., et al., 2006; Hindricks et al,, 2021). Chronic
kidney disease (CKD) is a frequent complication in the elderly that
shares several risk factors with AF and also increases the risk of de novo
AF (Watanabe H., et al, 2009; Bansal N., et al, 2013). CKD per se
increases the risk of thromboembolism, bleeding, and mortality in AF
patients (Potpara T.S., et al., 2020), whereas the new onset of AF is
associated with an increased risk (+80%) of renal function decline (Ha
J.T., et al,, 2019). Oral anticoagulant therapy (OAT), particularly direct
oral anticoagulants (DOACs) which are preferred to Warfarin-like drugs
(WLDs), is the cornerstone for the primary and secondary prevention of
stroke and systemic embolism in patients with AF, including those with
mild to moderate CKD. DOAC:s consist of Dabigatran which is a direct
thrombin inhibitor and factor X inhibitors: Apixaban, Rivaroxaban, and
Edoxaban. However, WLDs inhibit the production of biologically active
vitamin K-dependent clotting factors via the inhibition of vitamin K
epoxide reductase; this enzyme converts vitamin K epoxide to vitamin K
hydroquinone, the latter being required for the gamma-carboxylation
and activation of several clotting factors (Menichelli D., et al., 2021;
Roberti R, et al,, 2021; Steffel J., et al,, 2021). In the general population,
the physiological reduction of estimated glomerular filtration rate
(eGFR) is expected to be —0.55 and —0.33 mL/min/1.73 m*/year in
men and women, respectively (Halbesma N., et al, 2006). Greater
declines in eGFR were reported in elderly patients with AF (Chen
T.H,, et al, 2022) and this reduction seemed to be influenced by the use
of different OATs. Several studies suggest a more favorable effect of
DOACs compared with WLDs with regard to renal function decline and
adverse outcomes in patients with AF in the short term (Yao X, et al,
2017; Pastori D., et al., 2020; Lee W.C,, et al., 2021; Sitticharoenchai P.,
et al, 2021; Batra G, et al, 2022). However, the ROCKET-AF and
ARISTOTLE trials, and several real-world studies, show no difference
between the two OATS on renal function decline (Bohm M., et al., 2015;
Fordyce C.B,, et al., 2016; Hijazi Z., et al,, 2016; Fauchier L., et al., 2018;
Lee W.C, et al,, 2021; Pérez A.G,, et al., 2022; Trevisan M., et al., 2022).
To comprehensively investigate this topic, in a single-center prospective
cohort study on elderly patients with AF, we aimed to: 1) assess the effect
of DOACs vs. WLDs on absolute and relative renal function decline over
time; 2) test whether the use of DOACs was associated with slower
(e, less steep) trajectories of renal function decline over time as
compared to those of WLDs-treated patients.

2 Methods
2.1 Study setting, design, and sample

Between January 2008 and October 2019, all consecutive
outpatients with AF referred to the Geriatrics Department,
“Magna Graecia” University of Catanzaro, Italy, were enrolled.
Inclusion criteria were non-valvular AF, age >65 vyears,
availability of at least 1 year of follow-up, and informed consent
to take part in the study. Exclusion criteria were valvular diseases
(mechanical prosthetic heart valves or moderate-severe mitral
stenosis), previous anticoagulant therapy (thus prevalent-users
excluded), (ie.,

immunodeficiency virus infection, hepatitis C virus, and hepatitis

were chronic infectious diseases human
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B virus), or autoimmune systemic diseases, active cancer, and liver
failure (e.g., cirrhosis). The local Ethical Committee (Comitato Etico
Regione Calabria “Area Centro”) approved the protocol (protocol
number 2012.63). The procedures used in this study adhere to the
tenets of the Declaration of Helsinki. Informed written consent was
obtained from all participants.

2.2 Clinical variables at baseline and
follow up

At enrolment and during the two follow-up visits, all patients
underwent a comprehensive medical history, physical examination,
and routine electrocardiography as well as took measurements of
anthropometric and hemodynamic variables such as weight, height,
body mass index, systolic and diastolic blood pressure, and heart
rate. Relevant comorbidities and the number and type of drug
therapies were also recorded. The risk of ischemic stroke and
bleeding was assessed using validated tools for AF patients
(Hindricks et al., 2021).

The following indicators of renal function were collected during
visits: creatinine levels (Jaffée method, Peake and Whitnig. 2006) and
glomerular filtration rate (eGFR) as estimated by CKD-EPI (Chronic
Kidney Disease Epidemiology Collaboration) equation (Levey A.S.,
et al., 2009). All patients had three measurements of eGFR: one at
baseline and two during the follow-up period. The first-time window
lasted 3.2 + 2.0 years (medium period) and the second time lasted
6.7 + 2.3 years (long period).

2.3 Sample size calculation

The main objective of the study was to investigate the effect of
DOACs vs. WLDs on renal function deterioration over time. Two
regression models were applied: 1) the linear mixed model and 2) the
multinomial logistic regression model. There were 74 repeated
observations for each covariate in the multiple linear mixed
models and seven observations for each covariate in the multiple
logistic regression model thus guaranteeing an adequate balance
between covariates and observations (Peduzzi P., et al., 1996).

2.4 Statistical analysis

Normally distributed data were summarized as mean and
standard deviation and non-normally distributed data were
summarized as median and interquartile range (IQR). Categorical
variables were summarised as percent frequencies (%). Between-
group comparisons (i.e., WLDs and DOAC:s treated patients) were
carried out using Student’s t-test (for normally distributed data),
Mann-Whitney U-test (for non-normally distributed data), or x* test
(for binary and categorical data), as appropriate (Altman D.G.,
1991).

2.4.1 Linear mixed model and group-based
trajectory model analyses

The between-group (WLDs and DOACs) differences of eGFR
decline over time between WLDs and DOACs-treated patients were
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TABLE 1 Baseline characteristics of patients that completed the study among the treatment groups.

Whole population (N = 420) WLDs (N = 136) DOACGCs (N = 284)

Demographic and clinical parameters

Age, years 77 £ 6 73+ 6 78 £5 <0.001
Gender (males), % 55% 60% 53% 0.22

BMI, Kg/m’ 29+ 4 30£3 29 + 4 0.36

Waist, cm 109 + 10 109 = 8 109 + 11 0.85

Smokers, % 9% 10% 8% 0.54

Systolic BP, mmHg 133 + 12 133 £ 10 132 + 12 0.63

Diastolic BP, mmHg 77 = 10 77 £9 77 £ 10 0.88

Pulse Pressure, mmHg 56 + 12 56 + 11 56 12 0.73

Atrial Fibrillation, type, % 0.66

Paroxysmal 17% 19% 17%

Persistent 17% 15% 18%

Permanent 66% 66% 66%

PM or ICD, % 9% 10% 9% 0.80

CHA,DS,VASc, pt 4 (3-5) 4 (3-5) 4 (4-6) 0.001
HAS-BLED, pt 3 (2-3) 3 (2-3) 3 (2-3) 0.107

Comorbidities

Hypertension, % 90% 82% 94% <0.001
Diabetes, % 40% 40% 41% 0.82

Dyslipidemia, % 44% 37% 47% 0.04

Respiratory insufficiency/COPD, % 40% 29% 45% 0.002
Heart failure, % 34% 23% 39% 0.002
SAS, % 28% 24% 30% 0.15

Type of SAS, % (n = 118) 0.61

OSA 40% 47% 37%

CSA 52% 47% 53%

MSA 8% 6% 9%

Severity of SAS, % (n = 118) 0.81

Mild 97% 97% 98%

Moderate 3% 3% 2%

Severe 0% 0% 0%

Liver disease, % 21% 21% 21% 0.90

Cardiovascular background comorbidities

Previous Stroke or TIA, % 11% 7% 12% 0.12
Previous ACS, % 24% 17% 28% 0.02
Vasculopaties, % 61% 60% 60% 0.90
Drugs
PPIs, % 91% 90% 91% 0.80
Nitrates, % 7% 5% 8% 0.23
ACEIi/ARBs, % 81% 85% 80% 0.22
B-blockers, % 71% 66% 74% 0.12
Digoxin, % 21% 12% 26% 0.002
Calcium-blockers, % 15% 16% 15% 0.71
MRAs, % 25% 21% 27% 0.23
ARNI, % 33% 23% 38% 0.002
Anti-Arrhythmics Drugs, % 17% 21% 14% 0.08
Metformina/OADs, % 23% 23% 23% 0.92
Insulin, % 12% 7% 15% 0.03
SGLT2i, % 31% 23% 35% 0.015
Incretins, % 40% 40% 40% 0.95
Anti-platelet drugs, % 8% 9% 4% 0.08
Lipid-lowering drugs, % 49% 51% 49% 0.68

(Continued on following page)
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TABLE 1 (Continued) Baseline characteristics of patients that completed the study among the treatment groups.

Whole population (N = 420)

WLDs (N = 136) DOACs (N = 284)

Biochemical parameters

Albumin, g/dl 3.90 + 0.35
Total cholesterol, mg/dl 168 + 44
LDL cholesterol, mg/dl 101 + 35
HDL cholesterol, mg/dl 52 + 18
Triglycerides, mg/dl 98 (72-137)
Na, mmol/l 140.64 + 2.31
Haemoglobin, g/dl 13.31 £ 1.53
K, mmol/l 441 + 0.37
Creatinine, mg/dl 1.00 + 0.28
e-GFR, ml/min/1.73m2 67.36 + 18.16

NT- proBNP, pg/ml
Fasting glucose, mg/dl

562 (512-1,460)
103 (96-116)

Fasting Insulin, pU/ml 16.36 + 6.53
HOMA, 4.25 (2.96-5.72)
Uric acid, mg/dl 5.61 +0.96
AST, IU/L 21.17 £7.72
ALT, IU/L 20.65 + 10.69
Alkaline phosphatase, TU/L 78 (66-110)
GGT, IU/L 33 (21-44)

3.89 + 0.36 391 +0.35 0.48
169 + 42 168 + 45 0.83
101 + 35 101 + 35 0.99
53 + 16 52+ 19 071

94 (70-133) 100 (72-140) 0.40
140.88 + 2.19 140.53 + 2.36 0.14
13.68 + 0.88 13.13 + 1.74 <0.001
443 + 038 440 + 037 0.44
091 +0.23 1.05 + 0.29 <0.001
75.81 + 17.22 6332 + 17.20 <0.001
598 (523-1804) 562 (489-1,432) 0.30
106 (99-112) 102 (93-126) 0.54
15.69 + 5.89 16.69 + 6.81 0.14
3.88 (2.83-5.25) 4.34 (3.10-6.11) 0.04
5.58 + 0.95 5.62 + 0.96 0.65
19.64 + 5.43 21.90 + 8.51 0.005
19.57 + 10.05 21.18 + 10.96 0.15
75 (66-99) 78 (66-111) 0.38
33 (19-44) 32 (21-44) 0.63

Abbreviation: WLDs, Warfarin-like drugs; DOACs, direct oral anticoagulants; BMI, body mass index; BP, blood pressure; PM, pacemaker; ICD, implantable cardioverter defibrillator; COPD,
chronic obstructive pulmonary disease; SAS, sleep apnea syndrome; OSA, obstructive sleep apnea; CSA, central sleep apnea; MSA, mixed sleep apnea; TIA, transient ischemic attack; ACS, acute

coronary syndrome; PPIs, Proton pump inhibitors; ACEi, angiotensin-converting enzyme inhibitor; ARBs, angiotensin receptor blockers; MRAs, mineralocorticoid receptor antagonists; ARNI,

angiotensin receptor neprilysin inhibitor; OADs, oral antidiabetic drugs; SGLT2i, sodium-glucose cotransporter 2 inhibitors; LDL, low-density lipoprotein; HDL, high-density lipoprotein; Na,

Sodium; K, potassium; e-GFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro-brain natriuretic peptide; HOMA, homeostatic model assessment; AST, aspartate transaminase;

ALT, alanine aminotransferase; GGT, gamma glutamyltranspeptidase.

investigated using two statistical techniques: 1) the Linear Mixed
Models (LMM) and 2) the Group-Based Trajectory Model (GBTM)
analyses.

By LMMs analysis, we investigated the effect of WLDs versus
DOAC:s on continuous values of eGFR measurements over time. In
this analysis, repeated measurements of eGFR were considered
dependent variables, and treatment (WLDs vs. DOACs), time,
and treatment-by-time interaction were considered key
independent variables (Verbeke G. and Molenberghs G., 2000).

By GBTM analysis (Nagin D.S., 1999), patients were grouped
according to the trajectories of their eGFR values over time. The
trajectory analysis identified groups with similar eGFR trajectories
based on maximum likelihood estimates. Each patient was assigned
to the trajectory on the basis of the higher posterior probability. The
results of the trajectory were represented using the trajectory plot
(including the 95% ClIs as well as the percentage of patients in each
group). Trajectory groups were ranked according to the eGFR loss over
time (from the lowest to the highest). Once trajectories were identified,
multinomial crude and adjusted logistic regression models were fitted to
assess the relationship between the treatment (WLDs vs. DOACs) and
trajectory groups. In this analysis, the reference group was that with the
greatest loss of eGFR over time. In these models, data were expressed as
probability ratio, 95% Cis, and p-value (further details about GBTM
analysis are given in the Appendix). In multiple models, we adjusted for
all variables that significantly differed between the two treatment groups
with the exception of age, hypertension, and previous ACS (because
these variables were already included in the score most commonly
utilized to predict thromboembolic risk in atrial fibrillation,
comprehensive of “congestive heart failure, hypertension, age >75
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(doubled), diabetes, stroke (doubled), vascular disease, age of 65-74,
and sex category (female)” (CHA2DS2VASc) score, i.e., a covariate into
the same models). A p-value < 0.05 was considered statistically
significant. All analyses were performed in the STATA package
(16.1 for Windows, TX United States).

3 Results

Among 761 patients admitted during the study period, 122 were
excluded because they were <65 years old, 97 were on anticoagulant
therapy before enrolment, 65 had a mechanical prosthetic valve,
32 had moderate-severe mitral stenosis, 10 had cancer, 8 had liver
cirrhosis, and 7 had chronic inflammatory diseases. Therefore,
420 elderly patients were enrolled (see Table 1). Their mean age
was 77 + 6 years, 55% were men, and 9% were habitual smokers. The
median CHA,DS,VASc score was four (IQR: 3-5) and the
“Hypertension, Abnormal Renal/Liver Function, Stroke, Bleeding
History or Predisposition, Labile INR, Elderly, and Drugs/Alcohol
Concomitantly” (HAS-BLED) score was three (IQR: 2-3). In the
study sample, 284 patients (67.6%) were treated with DOACs
(144 were taking rivaroxaban, 55 dabigatran, 50 apixaban, and
35 edoxaban) and the remaining 136 (32.4%) were on WLDs
(110 were taking warfarin and 26 were taking acenocoumarol).
Compared with WLDs-treated patients, those receiving DOACs
were older, had higher CHA,DS,VASc scores, and displayed a
higher prevalence of several comorbidities and lower renal
function at baseline. Moreover, patients on DOACs were also
more frequently treated with digoxin, angiotensin receptor
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https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1210560

Armentaro et al.

TABLE 2 BIC for eGFR according to the number of groups and trajectory shapes and entropy.

10.3389/fphar.2023.1210560

Number of groups Trajectory shapes BIC* (N = 1,260) BIC® (N = 420) Entropy
2 22 ~5073.82 -5069.43 0.79
2 11 -5072.43 -5069.13 0.80
3 222 -4974.15 ~4967.56 0.84
3 121 -4967.7 -4962.21 0.84
3 111 ~4974.4 -4969.45 0.84
4 2222 -4963.95 ~4955.16 0.82
4 1221 ~4956.85 -4949.16 0.82
4 1121 -4955.26 -4948.12 0.82
4 1111 -4962.82 -4956.23 0.82
5 22222 ~4933.89 -4922.9 0.83
5 11111 -4938.42 -4930.19 0.81
In Trajectory shapes: 1 = linear; 2 = quadratic.
“BIC, Bayesian information criterion (for the total number of observations).
BIC, Bayesian information criterion (for the total number of participants).
neprilysin inhibitor (ARNI), insulin, sodium-glucose cotransporter s
2 inhibitor (SGLT2i), and had lower hemoglobin compared to those -
on WLDs (Table 1). < s
R
(=
g
£ o
. £ ©
3.1 Changes of eGFR over time and 3
trajectory analysis E o
ki
During the follow-up period (median: 4.9 years, IQR: <
2.7-7.0 years), all patients underwent three longitudinal 0 3 7
measurements of eGFR (see Methods), resulting in a total of Time(year)
1,260 repeated assessments of eGFR for the data analysis. The — Group1  64% — Group2 22.9% — Group3  31.8%
individual changes in eGFR in the population and the treatment
) - ) == Group4 22.9% === Group5 16.1%
groups are shown graphically in Supplementary Figure SI.
Overall, in the whole study group, eGFR decreased from FIGURE 1

67.4 + 18.2mL/min/1.73 m’ to 47.1 + 14.3 mL/min/1.73 m*
(percentage decrease: 30%, p < 0.001) and either absolute or
relative declines were significantly smaller in patients on DOACs
(from: 63.3 + 17.2mL/min/1.73 m? to 49.8 + 14.6 mL/min/
1.73 m’; percentage decrease: 21.3%, p < 0.001) than in those
on WLDs (from: 75.8 + 17.2 mL/min/1.73 m? to 41.6 + 11.7 mL/
min/1.73 m? percentage decrease: 45.1%, p < 0.001).

In the LMM analysis, the effect of DOACs vs. WLDs on renal
function decline was significantly heterogeneous (p < 0.001)
according to time. Overall, the mean eGFR decreased during
follow-up (baseline: 67 + 18 mL/min/1.73 m’, follow-up visit 1:
56 + 15 mL/min/1.73 m?, and follow-up visit 2: 47 + 14 mL/min/
1.73 m?).

3.2 eGFR deterioration for DOACs versus
WLDs

eGFR decline markedly differed between the two groups (WLDs
baseline: 75 + 17 mL/min/1.73 m? follow-up visit 1I:

Frontiers in Pharmacology

the trajectories (n = 5) of eGFR evolution over time are plotted as

a function of time. The dotted lines represent the 95% confidence
intervals of each trajectory. In the bottom panel of the figure, the
percentage of patients in each group-based trajectory is also
reported. Abbreviation: eGFR, estimated glomerular filtration rate.

56 + 15 mL/min/1.73 m? and follow-up visit 2: 42 + 12 mL/min/
1.73 m?* DOAC:s: baseline: 63 + 17 mL/min/1.73 m? follow-up visit
1: 57 + 15 mL/min/1.73 m?, and follow-up visit 2: 50 + 15 mL/min/
1.73 m?*). The between-drugs differences of eGFR deterioration were
relatively larger during the long-term period (6.7 + 2.3 years)
[DOACs vs. WLDs: 13.5 (95% CI: 16.1 to —11.0) vs. —34.2 (95%
CI: 37.9 to —30.5) between-drugs difference: 20.7 mL/min/1.73 m’],
compared to that during the medium-term period (3.2 + 2.0 years)
[DOACs vs. WLDs: 6.6 (95% CI: 9.1 to —4.0) vs. —=19.9 (95% CI:
23.6 to —16.2), between-drugs difference: 13.3 mL/min/1.73 m’].
These results did not materially change after data adjustment for
potential confounders, including baseline eGFR (data not shown).
No effect of modification by sex was found.
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Individual evolution of eGFR over time in each group-based trajectory. Abbreviation: eGFR, estimated glomerular filtration rate

3.3 Trajectories analysis of eGFR decline

To identify the best fitting trajectories, a BIC value for each
model (Table 2) was considered, starting with a 2-group quadratic
order (2 2) for the trajectory shapes. Even though the five trajectories
model with all quadratic order (2 2 2 2 2) had a slightly higher BIC
(—4922.9) than the linear one (1 111 1) (-4930.19), we used the last
one as a compromise between statistics and clinical judgment
(Nagin D.S. 2005). Thus, a five-trajectory model for the eGFR
evolution over time was adopted (Figure 1). Six percent of
patients were in the first trajectory (lowest decline, —0.99 =+
0.28 mL/min/1.73 m*/over 3.3 years), 23% in the second (-1.54 +
0.18 mL/min/1.73 m*/over 3.3 years), 32% in the third (-2.36 +
0.21 mL/min/1.73m*/over 3.3 years), 23% in the fourth (-2.85 +
0.15 mL/min/1.73m*/over 3.3 years), and the remaining 16% in the
fifth (greatest decline, —5.06 + 0.29 mL/min/1.73 m*/over 3.3 years)
(see Figure 1).

Patients’ characteristics at baseline according to trajectories are
reported in Supplementary Table S3. Patients in the lowest trajectory
were older, with a higher proportion being women. Of note, the
proportion of patients on DOACs was highest among those in the
first trajectory (80%) (i.e., in those having the smallest eGFR decline
over time) and decreased in close parallelism with the magnitude of
renal function deterioration as assessed by the trajectory analysis
(2nd trajectory: 77%, 3rd:74%, 4th: 59%, and 5th: 49%). This result
indicates that the larger the proportion of DOACs-treated patients,
the smaller the magnitude of eGFR deterioration over time. The
individual evolutions over time of eGFR according to each trajectory
are shown in Figure 2.

The mean posterior individual probability ranged from 0.79 to
0.82, suggesting overall good discrimination over the follow-up
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period (>0.70). The odds of correct classification (OCC) was
higher than five, indicating that all the trajectory satisfied the
optimal model fit criteria (Supplementary Tables S1,2). In
Table 2, the values of entropy are given.

3.4 Multinomial logistic analysis

The multinomial logistic analysis, comparing the trajectories
with the one having the largest decline of eGFR (5th, reference
category), indicated that patients on DOACs had a probability to
belong to a trajectory associated with a lower renal function
deterioration, which was from 3.03 to 4.24 times higher than
those on treatment with WLDs (p < 0.001) (Table 3). In this
model, the fourth and fifth trajectories did not differ between
them (p = 0.170) (Table 3).

The multiple logistic regression model, adjusted for
that
treatments, provided similar results (Table 3). In particular,
the adjusted probability of patients treated with DOACs
belonging to groups with more favorable outcomes (i.e., with

variables significantly  differed between the two

a relatively smaller eGFR decline) was 3.40-4.96 times higher
than those treated with WLDs (p ranging from <0.001 to 0.01,
Table 3). In this adjusted model, the comparison between the
fourth and fifth trajectories was not significant (p = 0.065)
(Table 3). Overall, eGFR decreased during follow-up
(baseline: 67 + 18 mL/min/1.73 m?, follow-up 1: 56 + 15 mL/
min/1.73 m? and follow-up 2: 47 + 14 mL/min/1.73 m?). Of
note, eGFR decline differed between the two treatment groups
(WLDs baseline: 75 + 17 mL/min/1.73 m?, follow-up 1: 56 +
15 mL/min/1.73 m?, and follow-up 2: 42 + 12 mL/min/1.73 m?
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TABLE 3 Crude and adjusted multinomial logistic regression analyses

10.3389/fphar.2023.1210560

Crude Analysis Adjusted analysis*

Probability ratio, (95% CI, P) to belong to 1* rather than to the 5" trajectory = Probability ratio (95% CI) to belong to Ist rather than to the 5" trajectory

DOAC:s versus
WLDs

4.24 (1.43-12.61), p=0.009

Probability ratio (95% CI, P) to belong to 2" rather than to the 5" trajectory

DOAC:s versus
WLDs

357 (1.82-6.99), p<0.001

Probability ratio (95% CI, P) to belong to 3rd rather than to the 5" trajectory

DOAC:s versus
WLDs

3.03 (1.64-5.59), p<0.001

Probability ratio (95% CI) to belong to 4th rather than to the 5" trajectory

DOAC:s versus
WLDs

1.55 (0.83-2.90), p=0.170

4.96 (1.47-16.74), p=0.01

Probability ratio (95% CI) to belong to 2" rather than to the 5th trajectory

3.83 (1.82-8.07), p<0.001

Probability ratio (95% CI) to belong to 3" rather than to the 5" trajectory

3.40 (1.72-6.71), p<0.001

Probability ratio (95% CI) to belong to 4™ rather than to the 5" trajectory

1.94 (0.96-3.91), p=0.065

*Adjusted for baseline characteristics: CHA2DS2VASc score, dyslipidemia, respiratory insufficiency, digoxin, insulin, ARNI, SGLT2i, hemoglobin, HOMA, AST.

DOAGC:Ss: baseline: 63 + 17 mL/min/1.73 m?, follow-up 1: 57 +
15 mL/min/1.73 m?, and follow-up 2: 50 + 15 mL/min/1.73 m?).

4 Discussion

This study confirms that renal function decline in AF patients is
approximately 1.3-fold greater than the physiological decline (van
der Burgh A.C,, et al., 2022). The main findings of this study are that
the trajectories of renal function decline display a high variability in
elderly AF patients and that the use of DOACs was significantly and
independently associated with a smaller renal function decline
compared to that observed in patients on WLDs.

As a matter of fact, the risk of WLDs-related nephropathy is
particularly evident in patients with excessive anticoagulation
(i.e., International Normalized Ratio (INR) > 3.0). These patients
could experience glomerular and tubular hemorrhage, and
approximately 30% of the patients manifest a rapid decline in
renal function (eGFR loss >5mL/min/1.73 m*) (Brodsky S.V.,
et al., 2011; Roldan V., et al., 2013; Wheeler D.S., et al., 2016;
Violi et al., 2020). These results are in keeping with the subanalysis of
the RELY trial for Dabigatran and the ANTENNA study for
Rivaroxaban, as well as with the results that emerged in our
observational study in which a better safety profile for renal
function decline was found for all DOACs without Edoxaban
compared to WLDs.

In the RELY sub-analysis (Bohm M., et al., 2015), the mean
eGFR decline was significantly greater with warfarin than with
Dabigatran (110 mg or 150 mg) after a mean follow-up of
30 months. Furthermore, the decline of renal function was more
rapid in the group with poor INR control (ie., time in the
therapeutic range <65%).

The ANTENNA study compared the effect of rivaroxaban versus
warfarin on renal outcomes over a 2.5-year follow-up period (Pérez
A.G,, etal., 2022). The mean eGFR decline was greater in patients of
the warfarin group than in those of the rivaroxaban group (p = 0.03).
Indeed, patients receiving DOACs compared to those on
warfarin had a 37% reduced risk of the doubling of serum
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creatinine (HR: 0.63, CI 0.49-0.81), a 24% reduced risk of eGFR
decline (HR: 0.76, C1 0.67-0.86), and a 23% lower risk of progression
to end-stage renal disease (HR 0.77, CI 0.29-2.04) independently of
type 2 diabetes mellitus (T2DM) or heart failure (HF). Another
multicenter prospective observational study demonstrated that the
median annual eGFR decline in patients of the WLDs group was
worse than that observed in those on dabigatran, rivaroxaban, or
apixaban (p = 0.003 vs. WLDs). However, in this paper, the median
follow-up was rather short (1 year), and there were no data regarding
Edoxaban (Pastori D., et al., 2020).

In the SCREAM (Stockholm Creatinine Measurements) project,
32,699 patients with AF were enrolled: 18,323 on DOACs and
14,376 on WLDs, with a median follow-up of 3.8 years (IQR
2.1-5.8) (Trevisan M., et al, 2022). This study shows that
patients on DOACs had a 13% reduced risk of manifesting
progression of CKD (HR 0.87, 95% CI 0.78-0.98) and a 12%
reduced risk of manifesting acute kidney injury compared to
those on WLDs (HR 0.88, 95% CI 0.80-0.97). However, patients
enrolled in large randomized controlled trials were younger, with a
lower burden of comorbidities, and were followed up for a shorter
period compared to those enrolled in our study. In a large cohort of
21,170 patients, with a mean age of 66 years and followed up for
3.5 years, patients on DOACs had a 50% reduced risk of progression
to stage 4 of CKD (HR 0.5, CI 95% 0.28-0.89; p = 0.02) compared to
those on WLDs, and an 85% reduced risk of progression to end-
stage renal disease (HR 0.15, CI 95% 0.08-0.32; p < 0.001) (Choi
S.H.,, et al., 2022).

In contrast, a sub-analysis of the ARISTOTLE study revealed
that treatment with apixaban compared with warfarin resulted in a
worsening of renal function, but this had no effect on efficacy and
safety, which were maintained across the spectrum of renal function.
At 12 months, the median eGFR decline in the entire study
population was —1.02 (IQR -6.72/4.52) mL/min/1.73 m? and in
13.6% of patients, there was a decline in eGFR >20% from the
baseline. The median decline in the apixaban group was —1.37 (IQR
-1.59/-1.15) and in the warfarin group —0.96 (IQR -1.18/-0.74), p =
0.01 (Hijazi Z., et al., 2016). Similar results were observed in the sub-
analysis of the ROCKET-AF study in which, after a mean follow-up
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of 2.3 years, a decline of Creatinine Clearance (CrCl) of -4 (IQR
-12/-3) mL/min was observed in the rivaroxaban group and -3 (IQR
-11/-4) mL/min in the warfarin group, p < 0.001 (Fordyce C.B., et al.,
2016). The worsening of CrCl >20% was reported in 27% of patients
of the rivaroxaban group and in 26% of those on warfarin, p = 0.09
(Fordyce C.B., et al., 2016). One observational study compared the
safety of DOACs vs. WLDs on renal function decline over a mean
follow-up of 3.3 + 0.9 years and showed no statistically significant
differences in renal function decline between the warfarin and
DOAC:s-treated patients (Lee W.C., et al., 2021).

In our study, we analyzed changes in renal function during a
long-term period and analyzed the difference between WLDs
and DOACs according to the length of follow-up. We found a
lower decline of renal function in patients of the DOACs group
compared to those of the WLDs group and this was true during
the medium and particularly the long-term period, suggesting
that the benefit of using DOACs regarding the renal function
increases over time. A novel analysis of our work consists of the
application of trajectories analysis by which we demonstrated
that patients of the DOACs group versus WLDs group were
3.03 to 4.24-fold more likely to belong to the trajectory with the
smallest eGFR decline and this was also true after data
adjustment for potential confounders.

These findings are biologically plausible and are related to the
WLDs’
pharmacodynamic properties,

mechanism  of action, pharmacokinetic and
and their

specificity. In fact, WLDs’ action is affected by numerous

relative lack of

dietary and drug-drug interactions, vitamin K deficiency, and
especially treatment compliance; these characteristics often result
in reduced time in therapeutic range (TTR) with an increased risk
of hemorrhagic or thromboembolic events. In contrast, DOACs,
with equal efficacy of WLDs in the prevention of stroke and
systemic thromboembolism, manifest a better safety profile
especially in the elderly population (Roberti R., et al., 2021).
In addition, WLDs decrease the carboxylation of matrix protein
Gla, which is a major vitamin K-dependent inhibitor of medial
and intimal vascular calcification and calciphylaxis, thus
resulting in the progression of renal vascular calcifications that
are associated with a decline in renal function and increased
hemorrhagic and thromboembolic risks (Chatrou M.L., et al,
2012) (Aursulesei, 2019). Finally, patients with reduced TTR who
manifest excess anticoagulation (i.e., INR >3.0) manifest
anticoagulant-related nephropathy with further worsening of
renal function due to thrombin depletion with glomerular
hemorrhage and subsequent tubular obstruction with blood
cylinders (Wheeler D.S,, et al., 2016).

4.1 Limitations and strengths

Our study has limitations. The observational study design
does not allow for definitively establishing a cause-effect
relationship between the use of DOACs and renal function
deterioration over time. Thus, our study is purely hypothesis-
generating. Despite multiple measurements of eGFR during
the time of the study, the overall sample size remains limited,
with an imbalance in the number of patients between DOACs
and WLDs. Another limitation of the study is represented by
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the absence of time in the therapeutic range of the patients
treated with WLDs. Finally, the relatively low sample size
precludes the possibility to investigate the effect of different
DOAC:s categories (i.e., a drug-specific analysis) on the study
outcome, an issue which should be formally tested in a future,
adequately prepared study.

However, the study also has strengths including the
enrolment of a population usually underrepresented in clinical
trials such as the elderly with several comorbidities. Furthermore,
patients enrolled were incident-users (or new users), thus
eliminating the possibility of prevalent user bias related to
previous WLDs exposition (Bohm M., et al., 2015). Finally,
another strength was the long median follow-up period
(4.9 years).

5 Conclusion

In elderly patients with AF, the use of DOACs was associated
with a smaller decline of renal function over time compared to the
treatment with WLDs, notwithstanding that patients in the DOACs
group were older and with a higher burden of comorbidities. This is
consistent with what was partly reported in the literature.
Considering that CKD increases the risk of thrombotic and
hemorrhagic events in patients with AF and that a physiological
decline in eGFR occurs with aging, strategies aimed at preserving
renal function are warranted. Therefore, in elderly patients with AF
and several comorbidities, DOACs are preferred over WLDs to
preserve renal function.

Data availability statement

The raw data supporting the conclusion of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by (Comitato etico Regione Calabria “Area Centro”. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

GA, GDA, MB, VC, SM, AP, GT, GS, GYHL, DP, MG and AS
participated in study conceptualization and design. GA, GDA, GT,
DP, MG, and AS participated in the methodology. GA, GDA, MB,
VC, SM, AP, GT, GS, GYHL, DP, MG and AS participated in
writing—original draft preparation. GA, GDA, MB, VC, SM, AP,
GT, GS, GYHL, DP, MG and AS participated in writing—review and
editing. GT, GYHL, DP, MG and AS participated in study
supervision. GA, GDA, MB, VC, SM, AP, GT, GS, GYHL, DP,
MG and AS read and agreed to the published version of the
manuscript. SMGR critically revised the English style of the
paper. All authors agreed to be accountable for all aspects of the

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1210560

Armentaro et al.

work in ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and resolved.

Acknowledgments

The authors acknowledge Professor Bobby L. Jones for the
support in applying the trajectory model to this database.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

Altman, D. G. In "Practical statistics for medical research". Edition 1991, Chapman &
Hall, London, UK; pg. 179-272.

Andruff, H., Carraro, N., Thompson, A., Gaudreau, P., and Louvet, P. (2009). Latent
class growth modelling: A tutorial. Tutor. Quant. Methods Psychol. 5, 11-24. doi:10.
20982/tqmp.05.1.p011

Aursulesei, V. (2019). Anticoagulation in chronic kidney disease: From guidelines to
clinical practice. Clin. Cardiol. 42 (8), 774-782. Epub 2019 May 28. doi:10.1002/clc.
23196

Bansal, N., Fan, D., Hsu, C. Y., Ordonez, ]. D., Marcus, G. M., and Go, A. S. (2013).
Incident atrial fibrillation and risk of end-stage renal disease in adults with chronic
kidney disease. Circulation 127, 569-574. doi:10.1161/CIRCULATIONAHA.112.
123992

Batra, G., Modica, A., Renlund, H., Larsson, A., Christersson, C., and Held, C. (2022).
Oral anticoagulants, time in therapeutic range and renal function over time in real-life
patients with atrial fibrillation and chronic kidney disease. Open Heart 9 (2), €002043.
doi:10.1136/openhrt-2022-002043

Bohm, M., Ezekowitz, M. D., Connolly, S. J., Eikelboom, J. W., Hohnloser, S. H.,
Reilly, P. A, et al. (2015). Changes in renal function in patients with atrial fibrillation:
An analysis from the RE-LY trial. J. Am. Coll. Cardiol. 65 (23), 2481-2493. d0i:10.1016/j.
jacc.2015.03.577

Brodsky, S. V., Nadasdy, T., Rovin, B. H., Satoskar, A. A., Nadasdy, G. M., Wu, H. M.,
etal. (2011). Warfarin-related nephropathy occurs in patients with and without chronic
kidney disease and is associated with an increased mortality rate. Kidney Int. 80 (2),
181-189. doi:10.1038/ki.2011.44

Chatrou, M. L., Winckers, K., Hackeng, T. M., Reutelingsperger, C. P., and Schurgers,
L. J. (2012). Vascular calcification: The price to pay for anticoagulation therapy with
vitamin K-antagonists. Blood Rev. 26 (4), 155-166. Epub 2012 Apr 18. d0i:10.1016/j.
blre.2012.03.002

Chen, T. H,, Chy, Y. C, Ou, S. M., and Tarng, D. R. (2022). Associations of atrial
fibrillation with renal function decline in patients with chronic kidney disease. Heart
108 (6), 438-444. Epub 2021 Jun 30. doi:10.1136/heartjnl-2021-319297

Choi, S. H., Kim, M., Kim, H., Kim, D-H., and Baek, Y. S. (2022). Cardiovascular and
renal protective effects of non-vitamin K antagonist oral anticoagulants and warfarin in
patients with atrial fibrillation. PLoS ONE 17 (10), €0275103. doi:10.1371/journal.pone.
0275103

Fauchier, L., Bisson, A., Clementy, N., Vourc’h, P., Angoulvant, D., Babuty, D.,
et al. (2018). Changes in glomerular filtration rate and outcomes in patients with
atrial fibrillation. Am. Heart J. 198, 39-45. Epub 2017 Dec 30. doi:10.1016/j.ahj.
2017.12.017

Fordyce, C. B, Hellkamp, A. S., Lokhnygina, Y., Lindner, S. M., Piccini, J. P., Becker,
R. C, et al. (2016). On-treatment outcomes in patients with worsening renal function
with rivaroxaban compared with warfarin: Insights from ROCKET AF. Circulation 134
(1), 37-47. doi:10.1161/CIRCULATIONAHA.116.021890

Ha, J. T, Neuen, B. L., Cheng, L. P., Jun, M., Toyama, T., Gallagheret, M. P., et al.
(2019). Benefits and harms of oral anticoagulant therapy in chronic kidney disease: A
systematic review and meta-analysis. Ann. Intern Med. 171 (3), 181-189. Epub 2019 Jul
16. doi:10.7326/M19-0087

Halbesma, N., Kuiken, D. S., Brantsma, A. H., Bakker, S. J. L., Wetzels, J. F. M., De
Zeeuw, D., et al. (2006). Macroalbuminuria is a better risk marker than low estimated
GFR to identify individuals at risk for accelerated GFR loss in population screening.
J. Am. Soc. Nephrol. 17 (9), 2582-2590. Epub 2006 Aug9.doi:10.1681/ASN.2005121352

Frontiers in Pharmacology

10.3389/fphar.2023.1210560

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The supplementary material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2023.1210560/
full#supplementary-material

Hijazi, Z., Hohnloser, S. H., Andersson, U., Alexander, J. H., Hanna, M., Keltai, M.,
et al. (2016). Efficacy and safety of apixaban compared with warfarin in patients with
atrial fibrillation in relation to renal function over time: Insights from the ARISTOTLE
randomized clinical trial. JAMA Cardiol. 1 (4), 451-460. doi:10.1001/jamacardio.2016.
1170

Hindricks, G., Potpara, T., Dagres, N., Arbelo, E., Bax, J. J., Blomstrom-Lundqvist, C.,
et al. (2021). 2020 ESC Guidelines for the diagnosis and management of atrial
fibrillation developed in collaboration with the European Association for Cardio-
Thoracic Surgery (EACTS): The Task Force for the diagnosis and management of
atrial fibrillation of the European Society of Cardiology (ESC) Developed with the
special contribution of the European Heart Rhythm Association (EHRA) of the ESC.
Eur. Heart J. 42 (5), 373-498. doi:10.1093/eurheartj/ehaa612

Jones, B. L., Nagin, D. S., and Roeder, K. (2001). A SAS procedure based on mixture
models for estimating developmental trajectories. Sociol. methods & Res. 29 (3),
374-393. doi:10.1177/0049124101029003005

Lee, W.C,, Lee, P. W.,, Wy, P. ], Fang, Y. N, Chen, H. C, Lin, Y. S,, et al. (2021). The
impact on renal function after long-term use of anticoagulants in atrial fibrillation
patients. Thrombosis J. 19, 98. doi:10.1186/s12959-021-00351-1

Levey, A. S,, Stevens, L. A., Schmid, C. H.,, Zhang, Y., Castro, A. F., Feldman, H. L, et al.
(2009). A new equation to estimate glomerular filtration rate. Ann. Intern. Med. 50(9),
604-612. doi:10.7326/0003-4819-150-9-200905050-00006

Menichelli, D., Del Sole, F., Di Rocco, A., Farcomeni, A., Vestri, A., Violi, F., et al.
(2021). Real-world safety and efficacy of direct oral anticoagulants in atrial fibrillation:
A systematic review and meta-analysis of 605 771 patients. Eur. Heart ]. Cardiovasc
Pharmacother. 7 (FI1), f11-f19. doi:10.1093/ehjcvp/pvab002

Miyasaka, Y., Barnes, M. E., Gersh, B. J., Cha, S. S, Bailey, K. R,, Abhayaratna, W. P.,
et al. (2006). Secular trends in incidence of atrial fibrillation in Olmsted County,
Minnesota, 1980 to 2000, and implications on the projections for future prevalence.
Circulation 114 (2), 119-125. Epub 2006 Jul 3. doi:10.1161/CIRCULATIONAHA.105.
595140

Nagin, D. S., and Odgers, C. L. (2010). Group-based trajectory modeling in clinical
research. Annu. Rev. Clin. Psychol. 6, 109-138. doi:10.1146/annurev.clinpsy.121208.
131413

Nagin, D. S. (1999). Analyzing developmental trajectories: A semiparametric, group-
based approach. Psychol. Methods 4, 139-157. doi:10.1037/1082-989x.4.2.139

Nagin, D. S. (2005). Group-based modeling of development. Harvard University Press.

Pastori, D., Ettorre, E., Lip, G. Y. H., Sciacqua, A., Perticone, F., Melillo, F., et al.
(2020). Association of different oral anticoagulants use with renal function worsening in
patients with atrial fibrillation: A multicentre cohort study. Br. J. Clin. Pharmacol. 86,
2455-2463. doi:10.1111/bcp.14350

Peake, M., and Whitnig, M. (2006). Measurement of serum creatinine - current status
and future goals. Clin. Biochem. Rev. 27 (4), 173-184.

Peduzzi, P., Concato, J., Kemper, E., Holford, T. R,, and Feinstein, A. R. (1996). A
simulation study of the number of events per variable in logistic regression analysis.
J. Clin. Epidemiol. 49 (12), 1373-1379. doi:10.1016/50895-4356(96)00236-3

Pérez, A. G., Balabanova, Y., Sdez, M. E., Brobert, G., and Garcia Rodriguez, L. A.
(2022). Renal decline in patients with non-valvular atrial fibrillation treated with
rivaroxaban or warfarin: A population-based study from the United Kingdom. Int.
J. Cardiol. 352, 165-171. Epub 2022 Feb 2. doi:10.1016/j.ijcard.2022.01.063

Potpara, T. S, Ferro, C, Lip, G. Y. H,, Dan, G. A, Lenarczyk, R., Mallamaci, F., et al.
(2020). Management of atrial fibrillation in patients with chronic kidney disease in

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2023.1210560/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2023.1210560/full#supplementary-material
https://doi.org/10.20982/tqmp.05.1.p011
https://doi.org/10.20982/tqmp.05.1.p011
https://doi.org/10.1002/clc.23196
https://doi.org/10.1002/clc.23196
https://doi.org/10.1161/CIRCULATIONAHA.112.123992
https://doi.org/10.1161/CIRCULATIONAHA.112.123992
https://doi.org/10.1136/openhrt-2022-002043
https://doi.org/10.1016/j.jacc.2015.03.577
https://doi.org/10.1016/j.jacc.2015.03.577
https://doi.org/10.1038/ki.2011.44
https://doi.org/10.1016/j.blre.2012.03.002
https://doi.org/10.1016/j.blre.2012.03.002
https://doi.org/10.1136/heartjnl-2021-319297
https://doi.org/10.1371/journal.pone.0275103
https://doi.org/10.1371/journal.pone.0275103
https://doi.org/10.1016/j.ahj.2017.12.017
https://doi.org/10.1016/j.ahj.2017.12.017
https://doi.org/10.1161/CIRCULATIONAHA.116.021890
https://doi.org/10.7326/M19-0087
https://doi.org/10.1681/ASN.2005121352
https://doi.org/10.1001/jamacardio.2016.1170
https://doi.org/10.1001/jamacardio.2016.1170
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1177/0049124101029003005
https://doi.org/10.1186/s12959-021-00351-1
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1093/ehjcvp/pvab002
https://doi.org/10.1161/CIRCULATIONAHA.105.595140
https://doi.org/10.1161/CIRCULATIONAHA.105.595140
https://doi.org/10.1146/annurev.clinpsy.121208.131413
https://doi.org/10.1146/annurev.clinpsy.121208.131413
https://doi.org/10.1037/1082-989x.4.2.139
https://doi.org/10.1111/bcp.14350
https://doi.org/10.1016/s0895-4356(96)00236-3
https://doi.org/10.1016/j.ijcard.2022.01.063
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1210560

Armentaro et al.

clinical practice: A joint European heart rhythm association (EHRA) and European
renal association/European dialysis and transplantation association (ERA/EDTA)
physician-based survey. EP Eur. 22 (3), 496-505. doi:10.1093/europace/euz358

Ram, N, and Grimm, K. J. (2009). Growth mixture modeling: A method for
identifying differences in longitudinal change among unobserved groups. Int.
J. Behav. Dev.; 33: 565-576. doi:10.1177/0165025409343765

Roberti, R., Iannone, L. F., Palleria, C., Curcio, A., Rossi, M., Sciacqua, A., et al. (2021).
Direct oral anticoagulants: From randomized clinical trials to real-world clinical
practice. Front. Pharmacol. 12, 684638. doi:10.3389/fphar.2021.684638

Roeder, K., Lynch, K. G., and Nagin, D. S. (1999). Modeling uncertainty in latent class
membership: A case study in criminology. J. Am. Stat. Assoc. 94, 766-776. doi:10.1080/
01621459.1999.10474179

Roldan, V., Marin, F., Fernandez, H., Manzano-Fernandez, S., Gallego, P., Valdés, M.,
et al. (2013). Renal impairment in a "real-life" cohort of anticoagulated patients with
atrial fibrillation (implications for thromboembolism and bleeding). Am. J. Cardiol. 111
(8), 1159-1164. Epub 2013 Jan 18. doi:10.1016/j.amjcard.2012.12.045

Sitticharoenchai, P., Takkavatakarn, K., Boonyaratavej, S., Praditpornsilpa, K., Eiam-
Ong, S., and Susantitaphong, P. (2021). Non-vitamin K antagonist oral anticoagulants
provide less adverse renal outcomes than warfarin in non-valvular atrial fibrillation: A
systematic review and MetaAnalysis. J. Am. Heart Assoc. 10 (7), e019609. Epub
2021 Mar 17. doi:10.1161/JAHA.120.019609

Steffel, J., Collins, R., Antz, M., Cornu, P., Desteghe, L., Haeusler, K. G., et al. (2021).
2021 European heart rhythm association practical guide on the use of non-vitamin K
antagonist oral anticoagulants in patients with atrial fibrillation. Europace 23 (10),
1612-1676. doi:10.1093/europace/euab065

Frontiers in Pharmacology

10

10.3389/fphar.2023.1210560

Trevisan, M., Hjemdahl, P., Clase, C. M., de Jong, Y., Evans, M., Bellocco, R., et al.
(2022). Cardiorenal outcomes among patients with atrial fibrillation treated with oral
anticoagulants. Am. J. Kidney Dis. $0272-6386 (22), 307-317.el. Online ahead of print.
doi:10.1053/j.ajkd.2022.07.017

van der Burgh, A. C,, Geurts, S., Arfan Ikram, M., Hoorn, E. J., Kavousi, M., and
Chaker, L. (2022). Bidirectional association between kidney function and atrial
fibrillation: A population-based cohort study. J. Am. Heart Assoc. 11 (10), €025303.
Epub 2022 May 17. doi:10.1161/JAHA.122.025303

Verbeke, G., and Molenberghs, G. (2000). Linear mixed models for longitudinal data.
Spring Series in Statistics. Edition 2000; pg 93-119.

Violi, F., Pastori, D., Perticone, F., Hiatt, W. R,, Sciacqua, A., Basili, A., et al. (2020).
Relationship between low anklebrachial index and rapid renal function decline in
patients with atrial fibrillation: A prospective multicentre cohort study. BMJ Open 5,
€008026. doi:10.1136/bmjopen-2015-008026

Watanabe, H., Watanabe, T., Sasaki, S., Nagai, K., Roden, D. M., and Aizawa, Y.
(2009). Close bidirectional relationship between chronic kidney disease and atrial
fibrillation: The niigata preventive medicine study. Am. Heart ]. 158, 629-636.
doi:10.1016/j.ahj.2009.06.031

Wheeler, D. S., Giugliano, R. P., and Rangaswami, J. (2016). Anticoagulation-
related nephropathy. J. Thromb. Haemost. JTH 14 (3), 461-467. doi:10.1111/jth.
13229

Yao, X., Tangri, N., Gersh, B. J., Sangaralingham, L. R,, Shah, N. D., Nath, K.
A., et al. (2017). Renal outcomes in anticoagulated patients with atrial
fibrillation. J. Am. Coll. Cardiol. 70 (21), 2621-2632. do0i:10.1016/j.jacc.2017.
09.1087

frontiersin.org


https://doi.org/10.1093/europace/euz358
https://doi.org/10.1177/0165025409343765
https://doi.org/10.3389/fphar.2021.684638
https://doi.org/10.1080/01621459.1999.10474179
https://doi.org/10.1080/01621459.1999.10474179
https://doi.org/10.1016/j.amjcard.2012.12.045
https://doi.org/10.1161/JAHA.120.019609
https://doi.org/10.1093/europace/euab065
https://doi.org/10.1053/j.ajkd.2022.07.017
https://doi.org/10.1161/JAHA.122.025303
https://doi.org/10.1136/bmjopen-2015-008026
https://doi.org/10.1016/j.ahj.2009.06.031
https://doi.org/10.1111/jth.13229
https://doi.org/10.1111/jth.13229
https://doi.org/10.1016/j.jacc.2017.09.1087
https://doi.org/10.1016/j.jacc.2017.09.1087
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1210560

	Medium-term and long-term renal function changes with direct oral anticoagulants in elderly patients with atrial fibrillation
	1 Introduction
	2 Methods
	2.1 Study setting, design, and sample
	2.2 Clinical variables at baseline and follow up
	2.3 Sample size calculation
	2.4 Statistical analysis
	2.4.1 Linear mixed model and group-based trajectory model analyses


	3 Results
	3.1 Changes of eGFR over time and trajectory analysis
	3.2 eGFR deterioration for DOACs versus WLDs
	3.3 Trajectories analysis of eGFR decline
	3.4 Multinomial logistic analysis

	4 Discussion
	4.1 Limitations and strengths

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


