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IntroductIon

Atrial fibrillation (AF) is one of the most common 
cardiac arrhythmias and causes a 5‑ to 7‑fold increased 
risk of ischemic stroke and mortality.[1,2] The prevention 
of thromboembolism using warfarin is the cornerstone 
of AF management. Although warfarin is the most 
commonly prescribed oral anticoagulant worldwide 
since 1950,[3] and despite the strong evidence of stroke 
prevention in patients with nonvalvular atrial fibrillation 
(NVAF),[4] it remains underused in the real world, 
particularly China.

The common known reasons for warfarin underuse include 
a narrow therapeutic window, multiple interactions with a 

variety of common medicines and foods and inconsistent 
pharmacokinetics and pharmacodynamics that can cause 
hemorrhage.[5] In addition, specific warfarin‑related renal 
damage has recently garnered attention[6‑8] and has been 
reported in patients with or without chronic kidney disease,[8] 
further preventing its use in AF patients.
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On the other hand, a retrospective study[9] revealed that 
long‑term warfarin therapy for as long as 18 months delays 
the deterioration of kidney function and achieves a longer 
survival time in older patients with CKD and AF. The effects 
of warfarin on the kidneys reportedly involve not only renal 
tubular obstruction by red blood cell, but also other potential 
mechanisms, such as oxidative stress damage to the renal 
tubules, inhibition of the activation of growth arrest‑specific 
gene 6 products to protect the kidney.[9,10] Warfarin, a 
Vitamin K antagonist, has been proven to inhibit glomerular 
mesangial cells by interfering with the activation of growth 
arrest‑specific gene 6 products,[11,12] which stimulates 
glomerular mesangial cell proliferation and hypertrophy.[13] 
However, because of the lack of prospective studies, the 
effects of warfarin on renal function in NVAF patients 
remain unclear. Therefore, we conducted this prospective 
study to evaluate the effects of warfarin on renal function 
and explore the factors associated with kidney dysfunction 
in adult patients with electrocardiography‑detected NVAF 
and no dialysis therapy.

Methods

Study population
From January 2011 to December 2013, 951 NVAF patients 
from 18 hospitals led by Beijing Anzhen Hospital were 
enrolled. All patients in the study were screened according 
to the following  criteria: diagnosis of NVAF, no history 
of anticoagulant therapy before enrolment and available 
baseline, and multiple follow‑up serum creatinine (SCr) 
levels. Patients with consumption of warfarin or no 
anticoagulant for <3 months, metastatic cancer, dementia, 
cirrhosis, renal failure caused by end‑stage renal disease 
or requiring dialysis, previous hemorrhagic disease, and/or 
peptic ulcers were excluded.

This prospective observational cohort study was approved 
by the Ethics Committee of Beijing Anzhen Hospital, 
constituted in accordance with the National Health and 
Medical Research Council guidelines.

The risk of stroke was estimated using the CHADS2 
(C ‑ cardiac failure, H ‑ hypertension, A ‑ age ≥75 years, 
D ‑ diabetes mellitus, and S ‑ stroke) score[14] derived 
as follows: congestive heart failure (CHF) (1 point), 
hypertension (1 point), age ≥75 years (1 point), diabetes 
mellitus (1 point), and previous stroke or TIA (2 points).

Measurements of kidney function
To assess the estimated glomerular filtration rate (eGFR), SCr 
levels of all eligible patients were measured at baseline and at 
3, 6, 12, 18, and 24 months, up to the end of the observation 
period. All eGFR values available from enrollment to the end 
of the observation period were included in our calculations. 
At least two SCr values were required to estimate a decline in 
eGFR. eGFR was calculated using the modified glomerular 
filtration rate estimating equation for Chinese patients:[15] 
eGFR (ml·min−1·1.73 m−2) = 186 × (SCr [μmol/L] × 
0.0113)−1.154 × age−0.203 × 0.742 (if female) × 1.233 (if Chinese). 

The decrease ratio was calculated as follows: (first eGFR − last 
eGFR)/(first eGFR) × 100%.

Follow‑up
The study endpoint was a ≥25% decline in eGFR from 
baseline during the follow‑up period, which suggested the 
deterioration of renal function according to The National 
Kidney Foundation’s KDIGO guidelines of 2012.[16] The 
patients having taken warfarin were monitored for their 
international normalized ratio (INR) values at least every 
2 weeks for the first 3 months and at least monthly thereafter, 
with an INR target of 2–3. All patients were followed every 
3–6 months at the cardiology clinic or by telephone, and their 
data were recorded under strict surveillance. All outcomes 
were reviewed and classified by a committee.

Statistical analyses
All analyses were conducted using SAS 9.2 version 
(SAS Institute, Cary, NC, USA). Data are expressed as 
mean ± standard deviations (SDs) for normally distributed 
continuous variables and as proportions for categorical 
variables. Baseline values and time‑independent outcomes 
were compared between the two groups using Chi‑square 
tests (for categorical data) or two‑sample independent 
t‑tests (for continuous data). Kaplan–Meier survival 
curves were plotted to compare a ≥25% decline in eGFR. 
Log‑rank tests were used to determine statistical significance 
(set at P < 0.05). Univariate and multivariate Cox regression 
analyses of the various clinical variables were performed to 
identify the predictors of a ≥25% decline in eGFR. Stepwise 
models of the candidate variables were used to determine 
the final variables for inclusion in the multivariate models; 
these included variables with a P < 0.2 in univariate analysis 
and clinically relevant variables such as age, gender, hazard 
ratio (HR), systolic blood pressure (SBP) ≥140 mmHg 
(1 mmHg = 0.133 kPa), CHADS2 score and history of 
AF ablation, stroke/transient ischemic attack (TIA), 
hypertension, diabetes, CHF, coronary heart disease (CHD), 
hypertrophic cardiomyopathy, dilated cardiomyopathy, 
smoking, β‑blocker use, angiotensin‑converting enzyme 
inhibitor/angiotensin receptor blocker use, and statin use. 
A value of P < 0.05 was considered statistically significant.

results

Baseline characteristics
By the end of December 2013, a total of 951 AF subjects 
were enrolled in the study. The eligible patients were 
then divided by observation into a warfarin group with 
655 (68.9%) patients and a no anticoagulation group with 
296 (31.1%) patients.

The baseline characteristics of patients in the two groups 
were shown in Table 1. The patients in the no anticoagulation 
group were older than those in the warfarin group. The 
level of SBP, number of SBP ≥140 mmHg, and CHADS2 
scores were lower in the warfarin group than those in no 
anticoagulation group. Moreover, the number in a history 
of CHF, hypertension, diabetes, stoke/TIA, and CHD were 
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less in the warfarin group than those in no anticoagulation 
group. There were no significant differences in gender, 
eGFR and diastolic blood pressure values, a history of 
hypercholesterolemia, and β‑blocker use between the two 
groups. The use of statins and renin–angiotensin system 
inhibitors was more frequent in the no anticoagulation group, 
while the use of antiarrhythmics was more frequent in the 
warfarin group.

Renal endpoint
After an average of 19.8 ± 10.8 months’ follow‑up, 
120 (12.6%) patients experienced renal endpoint. There 
was no significant difference of ≥25% decline in eGFR 
between the warfarin group and the anticoagulation 
group [11.9% vs. 14.2%, log‑rank P = 0.673, Figure 1]. But 
a Kaplan–Meier curve showed a significant difference in 
renal endpoint between patients with SBP <140 mmHg and 
SBP ≥140 mmHg [χ2 = 4.903, log‑rank P = 0.027, Figure 2].

Predictors of the renal endpoint
In univariate Cox regression analysis, variates of female, 
eGFR, SBP, SBP ≥140 mmHg, and hypertension, 

Figure 1: Kaplan–Meier survival curve for time to a ≥25% decline in 
estimated glomerular filtration rate in nonvalvular atrial fibrillation patients 
receiving warfarin therapy and those without any anticoagulant therapy.

Table 1: Baseline characteristics of NVAF patients receiving warfarin therapy and those without any anticoagulation 
therapy

Variables Warfarin (n = 655) No anticoagulants (n = 296) Statistical values P
Age (years) 63.0 ± 11.4 71.8 ± 12.8 –10.16* <0.0001
Female, n (%) 254 (38.8) 107 (36.2) 0.60† 0.4390
Current/ex‑smoker, n (%) 224 (34.4) 100 (33.9) 0.02† 0.8780
BMI (kg/m2) 25.8 ± 3.7 25.1 ± 3.7 2.71* 0.0070
Scr (μmol/L) 80.0 ± 21.2 86.5 ± 28.1 5.34* 0.0010
eGFR (ml∙min−1∙1.73 m−2) 107.7 ± 49.0 102.2 ± 63.7 –3.51* 0.1870
Hypercholesteremia, n (%) 312 (47.6) 148 (50.0) 0.46† 0.4990
Heart rate (beats/min) 83.3 ± 22.9 84.7 ± 26.2 –0.75* 0.4530
SBP (mmHg) 126.7 ± 16.4 131.3 ± 18.0 –3.93* <0.0001
DBP (mmHg) 77.2 ± 10.3 77.3 ± 12.1 –0.08* 0.9360
SBP ≥140 mmHg, n (%) 142 (21.7) 101 (34.2) 16.85† <0.0001
Comorbidities, n (%)

CHF 147 (22.4) 129 (43.6) 44.22† <0.0001
Hypertension 367 (56.0) 221 (74.7) 29.99† <0.0001
Diabetes 145 (22.1) 100 (33.8) 14.46† 0.0001
Stoke/TIA 98 (15.0) 71 (24.0) 11.36† 0.0007
CHD 83 (12.7) 87 (29.4) 38.82† <0.0001
Respiratory disease 59 (9.0) 53 (18.0) 15.56† <0.0001
HCM 12 (1.8) 2 (0.7) 1.90† 0.2470
DCM 8 (1.2) 1 (0.3) 1.70† 0.2880

CHADS2 1.4 ± 1.2 2.4 ± 1.4 –7.95* <0.0001
History of AF ablation, n (%) 40 (6.1) 7 (2.4) 6.05† 0.0140
Medications, n (%)

Asprin/clopidogrel 43 (6.6) 220 (74.3) 467.85† <0.0001
ACEI/ARBs 259 (39.5) 142 (48.0) 5.94† 0.0150
β‑blocker 298 (45.5) 158 (53.4) 5.08† 0.0240
Statin 218 (33.3) 143 (48.3) 19.55† <0.0001
Antiarrhythmics 327 (49.9) 65 (22.0) 65.80† <0.0001

Data are presented as mean ± SDs or n (%). *: t values; †: χ2 values; NVAF: Nonvalvular atrial fibrillation; BMI: Body mass index; eGFR: Estimated 
modified glomerular filtration rate; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; AF: Atrial fibrillation; SCr: Serum creatinine; 
CHF: Congestive heart failure; TIA: Transient ischemic attack; CHD: Coronary heart disease; HCM: Hypertrophic cardiomyopathy; DCM: Dilated 
cardiomyopathy; CHADS2: C ‑ Cardiac failure, H ‑ hypertension, A ‑ Age ≥75 years, D ‑ Diabetes mellitus, S ‑ Stroke; ACEI: Angiotensin‑converting 
enzyme inhibitor; ARBs: Angiotensin receptor blockers; SDs: Standard deviations.

respectively, predicted the incidence of ≥25% decrease 
in eGFR in NVAF patients. Multivariate Cox regression 
analyses [Table 2] revealed eGFR and SBP as independent 
predictors of a ≥25% decline in eGFR, with warfarin 
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dIscussIon

The long‑term follow‑up of NVAF patients without dialysis 
therapy revealed that warfarin therapy had no relation to 
increase the risk of a ≥25% decline in eGFR compared 
with no anticoagulation. Furthermore, after adjustment for 
potential clinical risk factors for renal dysfunction, baseline 
eGFR and SBP were found to be the risk factors associated 
with the deterioration of kidney function in Chinese NVAF 
patients.

Despite its relatively unpredictable response, narrow 
therapeutic range and drug interactions, warfarin is the 
most widely prescribed oral anticoagulant for patients with 
AF, deep vein thrombosis or thrombi in other vascular 
beds, and antiphospholipid syndrome or a cardiac valve 
replacement. Bleeding is the major adverse effect of warfarin 
therapy, but other nonhemorrhagic adverse reactions such 
as warfarin‑induced allergic interstitial nephritis and 
warfarin‑related nephropathy are also being reported.[6,11] 
Though there are many reports of renal damage caused by 
anticoagulation with warfarin,[6‑9] Chang et al.[9] conducted 
a retrospective study and found that after controlling for 
INR (1.95 ± 1.01; goal, 2–3) and adjusting for potential 
confounders, warfarin therapy over 18 months could 
decrease the rate of deterioration of kidney function in older 
patients with CKD and AF.

To our knowledge, there is no prospective study demonstrating 
whether or not warfarin therapy is associated with damage 
of renal function in Chinese NVAF patients. After following 
a large number of patients and adjusting all potential risk 
factors for renal dysfunction in Cox regression model, 
we discovered that warfarin was not associated with the 
deterioration of renal survival duration of NVAF patients. 
In this respect, the results of our prospective study were 
different from known previous studies.

Even though our study was a prospective observational 
study, it was difficult to control factors at baseline and after 
treatment initiation in the two groups. The patients in the 
no anticoagulation group exhibited more severe clinical 
features compared with those in the warfarin group, such 
as an older age, higher SBP values and more comorbidities, 
all of which may confuse the possible effects of warfarin on 
kidney function. Therefore, appropriate statistical analyses 
methods for long‑term follow‑up data were indispensable to 
evaluate the renal outcomes and treatment effectiveness,[17] 
and an effective multivariate Cox model was considered 
essential for our study. After adjusting for all confounding 
factors in multivariate Cox regression analyses, we 
observed that baseline eGFR and SBP were risk factors 
associated with kidney dysfunction and/or aggravated its 
deterioration in NVAF patients. In a prospective cohort study 
of type 2 diabetic mellitus, SBP is one of the most powerful 
independent risk factors for a rapid renal function decline.[18] 
In our prospective study, warfarin was not associated with the 
risk of a ≥25% decline in eGFR. Warfarin effect on kidney 
function is underlying and to be studied further.

Figure 2: Kaplan–Meier survival curve for time to a ≥25% decline 
in estimated glomerular filtration rate in nonvalvular atrial fibrillation 
patients’ systolic blood pressure <140 mmHg and those systolic 
blood pressure ≥140 mmHg (P < 0.05).

Table 2: Univariate and multivariate Cox proportional 
hazard regression analyses for a ≥25% decline in eGFR

Covariates Hazard ratio (95% CI) P
Univariate analysis

Warfarin 0.92 (0.63–1.35) 0.6754
Age 1.01 (1.00–1.03) 0.0850
Female 1.50 (1.05–2.14) 0.0275
BMI 0.97 (0.92–1.02) 0.2659
Current/ex–smoker 0.72 (0.48–1.10) 0.1261
eGFR 1.00 (1.00–1.01) <0.0001
Heart rate 1.01 (1.00–1.01) 0.0680
SBP 1.02 (1.01–1.02) 0.0028
SBP ≥140 mmHg 1.55 (1.00–2.41) 0.0485
CHF 1.32 (0.91–1.91) 0.1457
Hypertension 1.57 (1.03–2.41) 0.0366
Diabetes 1.35 (0.92–1.99) 0.1243
Stroke/TIA 0.77 (0.48–1.24) 0.2845
CHD 0.96 (0.60–1.53) 0.8702
HCM 0.95 (0.55–1.64) 0.8609
DCM 2.67 (0.98–7.27) 0.0539
CHADS2 1.08 (0.94–1.25) 0.2668
History of AF ablation 1.38 (0.60–3.13) 0.4484
ACEI/ARBs 1.29 (0.90–1.84) 0.1670
Statin 1.10 (0.76–1.59) 0.6017
Antiarrhythmics 1.00 (0.69–1.45) 0.9961

Multivariable analysis
eGFR 1.00 (1.00–1.01) <0.0001
SBP 1.02 (1.01–1.03) 0.0007

CI: Confidence interval; BMI: Body mass index; eGFR: Estimated 
modified glomerular filtration rate; SBP: Systolic blood pressure; 
SCr: Serum creatinine; CHF: Congestive heart failure; TIA: Transient 
ischemic attack; CHD: Coronary heart disease; HCM: Hypertrophic 
cardiomyopathy; DCM: Dilated cardiomyopathy; CHADS2: C ‑ Cardiac 
failure, H ‑ Hypertension, A ‑ Age ≥75 years, D ‑ Diabetes mellitus, 
S ‑ Stroke; ACEI: Angiotensin‑converting enzyme inhibitor; 
ARBs:  Angiotensin receptor blockers.

therapy found not to be a risk factor for this renal endpoint 
in NVAF patients.
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This study has several limitations. First, the number of 
patients in the current study was not large enough with 
inevitable confounding factors; therefore, the association 
between warfarin therapy and exacerbation in renal function 
may not be causal. Second, the follow‑up period and 
number of patients with renal dysfunction were limited. 
Renal function deterioration may take decades in patients 
with earlier stages of kidney disease.[19] The long follow‑up 
period and large number of patients with renal dysfunction 
may influence the significance of our results in future. Third, 
as an important risk factor for cardiovascular disease and 
impaired renal function, proteinuria values were missing and 
not included for the study. Further studies are necessary to 
discover the effects of warfarin therapy and no anticoagulant 
therapy with regard to different degrees of renal function 
deterioration in NVAF patients.

In conclusion, the results of our study of a Chinese cohort 
suggest that baseline eGFR and SBP are associated with the 
deterioration of kidney function while Warfarin is not the 
risk factor associated with kidney function deterioration in 
NVAF patients without dialysis therapy.

Acknowledgments
We thank all participating hospitals, colleagues, nurses, and 
laboratory technicians.

Financial support and sponsorship
This work was supported by grants from the Beijing Municipal 
Administration of Hospitals Clinical Medicine Development 
of Special Funding Support (No. ZY201302), The Ministry 
of S&T Program of Chinese Arrhythmia Registration 
Study (No. 2013BAI09B02), and the International S&T 
Cooperation Program of China (No. 2013DFB30310).

Conflicts of interest
There are no conflicts of interest.

references
1. Kannel WB, Abbott RD, Savage DD, McNamara PM. Epidemiologic 

features of chronic atrial fibrillation: The Framingham study. N Engl 
J Med 1982;306:1018‑22. doi: 10.1056/NEJM198204293061703.

2. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent 
risk factor for stroke: The Framingham study. Stroke 1991;22:983‑8. 
doi: 10.1161/01.STR.22.8.98.3.

3. Wardrop D, Keeling D. The story of the discovery of heparin and 
warfarin. Br J Haematol 2008;141:757‑63. doi: 10.1111/j.1365‑2141.
2008.07119.x.

4. Wang C, Yang Z, Wang C, Wang Y, Zhao X, Liu L, et al. Significant 
underuse of warfarin in patients with nonvalvular atrial fibrillation: 
Results from the China national stroke registry. J Stroke Cerebrovasc Dis 
2014;23:1157‑63. doi: 10.1016/j.jstrokecerebrovasdis.2013.10.006.

5. Ansell J, Hirsh J, Hylek E, Jacobson A, Crowther M, 
Palareti G; American College of Chest Physicians. Pharmacology 
and management of the Vitamin K antagonists: American 
College of Chest Physicians evidence‑based clinical practice 
guidelines (8th Edition). Chest 2008;133 6 Suppl:160S‑98S. doi: 
10.1378/chest.08‑0670.

6. Brodsky SV, Satoskar A, Chen J, Nadasdy G, Eagen JW, Hamirani M, 
et al. Acute kidney injury during warfarin therapy associated with 
obstructive tubular red blood cell casts: A report of 9 cases. Am J 
Kidney Dis 2009;54:1121‑6. doi: 10.1053/j.ajkd.2009.04.024.

7. Ozcan A, Ware K, Calomeni E, Nadasdy T, Forbes R, Satoskar AA, 
et al. 5/6 nephrectomy as a validated rat model mimicking human 
warfarin‑related nephropathy. Am J Nephrol 2012;35:356‑64. doi: 
10.1159/000337918.

8. Brodsky SV, Nadasdy T, Rovin BH, Satoskar AA, Nadasdy GM, 
Wu HM, et al. Warfarin‑related nephropathy occurs in patients 
with and without chronic kidney disease and is associated with an 
increased mortality rate. Kidney Int 2011;80:181‑9. doi: 10.1038/
ki.2011.44.

9. Chang CC, Liou HH, Wu CL, Chang CB, Chang YJ, Chiu PF, et al. 
Warfarin slows deterioration of renal function in elderly patients 
with chronic kidney disease and atrial fibrillation. Clin Interv Aging 
2013;8:523‑9. doi: 10.2147/CIA.S44242.

10. Yang Y, Liu T, Zhao J, Li G. Warfarin‑related nephropathy: 
Prevalence, risk factors and prognosis. Int J Cardiol 2014;176:1297‑8. 
doi: 10.1016/j.ijcard.2014.07.166.

11. Kapoor KG, Bekaii‑Saab T. Warfarin‑induced allergic interstitial 
nephritis and leucocytoclastic vasculitis. Intern Med J 2008;38:281‑3. 
doi: 10.1111/j.1445‑5994.2008.01646.x.

12. Yanagita M, Ishii K, Ozaki H, Arai H, Nakano T, Ohashi K, 
et al. Mechanism of inhibitory effect of warfarin on mesangial 
cell proliferation. J Am Soc Nephrol 1999;10:2503‑9. doi: 
10.1103/1046‑6673.1012‑2503.

13. Yanagita M. The role of the Vitamin K‑dependent growth factor 
Gas6 in glomerular pathophysiology. Curr Opin Nephrol Hypertens 
2004;13:465‑70. doi: 10.1097/01.mnh.0000133981.63053.e9.

14. Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, 
Radford MJ. Validation of clinical classification schemes for predicting 
stroke: Results from the national registry of atrial fibrillation. JAMA 
2001;285:2864‑70. doi: 10.1001/jama.285.22.2864.

15. Ma YC, Zuo L, Chen JH, Luo Q, Yu XQ, Li Y, et al. Modified 
glomerular filtration rate estimating equation for Chinese patients 
with chronic kidney disease. J Am Soc Nephrol 2006;17:2937‑44. 
doi: 10.1681/ASN.2006040368.

16. Kidney Disease: Improving Global Outcomes (KDIGO) CKD 
Work Group. KDIGO 2012 clinical practice guideline for the 
evaluation and management of chronic kidney disease. Kidney Int 
Suppl 2013;3:1‑150. doi: 10.1038/kisup.2012.72.

17. Lin WY, Lin YJ, Chung FP, Chao TF, Liao JN, Chang SL, et al. 
Impact of renal dysfunction on clinical outcome in patients with low 
risk of atrial fibrillation. Circ J 2014;78:853‑8. doi: 10.1253/circj.
CJ‑13‑1246.

18. Xu H, Huang X, Risérus U, Cederholm T, Sjögren P, Lindholm B, 
et al. Albuminuria, renal dysfunction and circadian blood pressure 
rhythm in older men: A population‑based longitudinal cohort study. 
Clin Kidney J 2015;8:560‑6. doi: 10.1093/ckj/sfv068.

19. Coresh J, Turin TC, Matsushita K, Sang Y, Ballew SH, Appel LJ, et al. 
Decline in estimated glomerular filtration rate and subsequent risk of 
end‑stage renal disease and mortality. JAMA 2014;311:2518‑31. doi: 
1001/jama.2014.6634.


