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ABSTRACT

Background: Comparative effectiveness studies are common in pa-
tients with nonvalvular atrial fibrillation (NVAF) and chronic kidney
disease (CKD), but the accuracy of current thromboembolic (h = 4) and
bleeding (n = 3) prediction scores used for risk adjustment are un-
certain in these patients because previous studies have included few
CKD patients.

Methods: This was a retrospective cohort study, using Cox models
adjusted for time-varying coefficients, of nonanticoagulated adults with
incident NVAF and kidney function (defined into Kidney Disease:
Improving Global Outcomes [KDIGO] CKD categories) between 2002
and 2013.

Results: Of 58,451 patients (mean age 66 years, 31.3% with CKD)
followed for a median of 31 months, 21.3% died, 12.6% had a
thromboembolic event (4.2 per 100 patient-years), and 7.8% had a

NVAF and chronic kidney disease (CKD) are common, often
coexist, and the presence of either condition increases the risk
for the other.'” NVAF is a known risk factor for stroke,
transient ischemic attack (TIA), and/or systemic thrombo—
embolism (hereafter referred to as thromboembolic events).®

Although individuals with CKD are at higher risk for
thromboembolic events than those without CKD, they/ are
also at a higher bleeding risk. Although some studies™”
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RESUME

Introduction : Les études d’efficacité comparatives incluant des pa-
tients atteints de fibrillation auriculaire non valvulaire (FANV) et de
néphropathie chronique (NC) sont relativement fréquentes. Cepen-
dant, I'exactitude des scores prévisionnels actuels des événements
thromboemboliques (n = 4) et des hémorragies (n = 3) utilisés aux
fins d’ajustement du risque demeure incertaine du fait que trop peu de
patients atteints de NC ont jusqu’ici participé a des études.
Méthodes : Il s’'agissait d’'une étude de cohorte rétrospective pour la
période comprise entre 2002 et 2013 effectuée a I'aide du modéle de
régression de Cox, ajusté en fonction de coefficients variables dans le
temps, chez des adultes atteints de FANV et de NC ne recevant pas de
traitement anticoagulant (degrés d’insuffisance rénale définis selon la
classification fournie dans les lignes directrices Kidney Disease:
Improving Global Outcomes [KDIGO]).

suggest CKD is an 1ndependent risk factor for thromboem—
bolic and bleeding events in NVAF patients, others”'” have
reported that adding estimates of kidney function to current
prediction scores does not improve prognostication. However,
the studies on this topic have been limited by small or highly
selected samples and/or reliance on administrative data claims
codes or a single serum creatinine measurement to identify
CKD. Albuminuria, another marker of kidney function, is
associated with adverse outcomes independent of estimated
glomerular filtration rate (eGFR)"? and current guidelines
(such as the Kidney Disease: Improvmg Global Outcomes
[KDIGO] CKD categorlzatlon) advocate classifying kidney
function on the basis of eGFR and extent of albuminuria.
Indeed, a recent international consensus conference identified
risk prediction in NVAF patlents with coexistent CKD as a
key priority for future research.'’

0828-282X/© 2016 Canadian Cardiovascular Society. Published by Elsevier Inc. All rights reserved.
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major bleed (2.6 per 100 patient-years). There were graded associa-
tions between kidney function and all-cause mortality (adjusted hazard
ratio [aHRY], 1.88 [95% confidence interval (Cl), 1.79-1.98] for very high
vs low risk KDIGO category), major bleeding (aHR, 1.61 [95% Cl, 1.47-
1.76]), and thromboembolic events (aHR, 1.13 [95% CI, 1.04-1.23]).
All 7 prediction scores had significantly poorer c statistics in patients
with CKD: 0.50-0.59; all P < 0.0001 compared with those with normal
kidney function (c statistics 0.69-0.70 for the 4 thromboembolic risk
scores and 0.60-0.68 for the 3 bleeding risk scores). Inclusion of
KDIGO category did not improve calibration or discrimination statistics
for current prediction scores.

Conclusions: Existing NVAF risk scores exhibit poor discrimination in
patients with CKD, limiting their utility for clinical decision-making or
for risk adjustment in comparative effectiveness studies. Although
CKD is an independent risk factor for adverse events, adding KDIGO
class to current risk scores did not improve their performance.

Because of the paucity of randomized trial data that
compared antithrombotic treatment options in NVAF
patients with CKD, observational studies are being used
to inform this treatment decision. Although multiple
comparative effectiveness studies have been done, they
have reported conflicting results for the risk/benefit ratio
for anticoagulation in patients with CKD-—perusal of
these studies reveals that they often include different
covariates in their multivariate adjustments. Thus,
determination of the best risk prediction equations in
NVAF patients with CKD would help standardize future
comparative effectiveness studies. Although the 7 risk
prediction models”'®?" listed in Table 1 are endorsed in
national and international NVAF guidelines, they were
derived in relatively small cohorts (often participants in
randomized trials with restricted eligibility criteria) and
measures of kidney function were not consistently
defined or included. Thus, the generalizability of these
scores in real-world populations, and particularly in
CKD patients, has been called into question.”””’

We designed this study to examine (1) the frequency of
thromboembolic and bleeding events across kidney function
strata in a large population-based sample of nonanticoagulated
NVAF patients; (2) the performance of existing NVAF
thromboembolic and bleeding risk scores in patients with
CKD; and (3) the incremental predictive value of adding
KDIGO CKD category to existing risk scores. To avoid the
confounding effect of anticoagulants (because their efficacy
might differ across KDIGO categories) and to mimic the
usual first step in clinical decision-making for these patients,
we focused on anticoagulant-naive patients in this
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Résultats : Des 58 451 patients (4ge moyen de 66 ans; 31,3 % des
patients atteints de NC) suivis pendant une période médiane de 31 mois,
21,3 % sont décédés, 12,6 % ont été victimes d’un événement throm-
boembolique (4,2 par 100 années-patients) et 7,8 % ont subi une
hémorragie grave (2,6 par 100 années-patients). Une gradation du ris-
que a été établie entre la fonction rénale et la mortalité de toutes causes
(rapport de risques instantanés ajustés [RRla] de 1,88 [intervalle de
confiance (IC) @ 95 % : 1,79 a 1,98] entre les patients a risque trés élevé
par rapport a ceux a faible risque selon la classification KDIGO),
I'hémorragie grave (RRla de 1,61 [IC @ 95 % : 1,47 a 1,76)) et les
événements thromboemboliques (RRla de 1,13 [IC 4 95 % : 1,04 a
1,23]). Comparativement aux patients dont la fonction rénale était
normale (statistiques ¢ de 0,69 a 0,70 pour les 4 scores de risque
d’événement thromboembolique et de 0,60 a 0,68 pour les 3 scores de
risque d’hémorragie), les statistiques c étaient significativement
inférieures chez les patients atteints de NC pour I'ensemble des 7 scores
prévisionnels, soit 0,50 a 0,59; P < 0,0001 pour I'ensemble. L’ajout de
la classification KDIGO n’a donc pas permis d’améliorer la calibration ni
la discrimination statistique des scores prévisionnels actuels.
Conclusions : Les scores de risque actuellement utilisés pour les pa-
tients atteints de FANV ne permettent pas une discrimination statis-
tique efficace chez les patients atteints de NC, ce qui limite leur utilité
aux fins de prise de décision en clinique et d’ajustement du risque
dans le cadre des études d’efficacité comparatives. On sait que la
présence d'une NC constitue un facteur de risque indépendant
d’événements indésirables, mais I'ajout de la classification KDIGO aux
scores de risque actuellement utilisés n’a pas permis d’améliorer leur
utilité.

study—those who had not yet started warfarin or any of
thrombin or factor X inhibitor treatment.

Methods

Data sources

We conducted a retrospective cohort study using deiden-
tified but linked (using unique health number identifiers)
Alberta Health administrative databases cross-linked with
laboratory data for all adult residents of Alberta (population
4.4 million people). We received approval from Alberta
Health and the Health Research Ethics Boards at the Uni-
versity of Alberta and the University of Calgary for performing
analyses on these anonymized data sets without individual
signed patient consent.

Study sample

The cohort consisted of all adult Albertans (aged 18 years
or older) with a diagnosis of atrial fibrillation (AF) (Interna-
tional Classification of Diseases [ICD], ninth revision [-9]
Clinical Modification [-CM] code 427.3 and ICD 10th
revision [-10] code 148) between May 1, 2002 and March 31,
2013 in any fields of either the discharge abstract database
(which captures all acute care hospitalizations with most
responsible diagnosis and up to 24 secondary diagnoses), the
national ambulatory care reporting system (which captures all
visits to emergency rooms or hospital-based specialist clinics in
Alberta), or the physician billing claims databases (see
Supplemental Table S1 for case definitions for NVAF and all
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Table 1. Characteristics of adult Albertans with incident nonvalvular atrial fibrillation and weighting of the variables included in the current risk

prediction scores

Cohort values

Stroke risk scores

Bleeding risk scores

(N = 58,451),

Variable n (%) CHADS, CHA,DS,-VASc R,CHADS, ATRIA stroke HAS-BLED HEMORR,HAGES ATRIA bleed
Maximum score 6 9 71* 15 8 10° 10
Median score (IQR) 1(0-2) 3 (1-4) 26 (18-36) 4 (1-8) 2 (1-2) 2 (1-3) 1 (0-3)
High risk" >2 >3 > 27 >5 >3 >2 >5
KDIGO stage

Low risk 40,148 (68.7)

Moderate risk 9369 (16)

High risk 5801 (9.9)

Very high risk 3133 (5.4)
eGFR, mL/min/1.73 m”

> 60 44,217 (75.6) 0-19

45-59 8046 (13.8) 23-26

30-44 4264 (7.3) 26-29 1

< 30 1924 (3.3) 29 1 1 1 3
Albuminuria

Low 52,132 (89.2)

Moderate 3354 (5.7) 1

High 2965 (5.1) 1
Previous stroke 6287 (10.8) 2 2 18 Without With 1 1

stroke stroke

Previous bleed 6540 (11.2) 1 2 1
Age, years

18-64 27,701 (47.4) 8

65-74 11,431 (19.6) 1 2 3 7 1

75-84 5 7

>75 19,319 (33.1) 1 2 3 1 1 2

> 85
Female sex 27,380 (46.8) 1 5 1 1
Alcohol misuse 3248 (5.6) 1 1
Previous myocardial 6618 (11.3) 1 6

infarction
Anemia 14,018 (24.0) 1 3
Heart failure 12,751 (21.8) 1 1 -2 1 1
Diabetes mellitus 12,644 (21.6) 1 1 4 1 1
Excessive falling 6000 (10.3) 1
Hepatic disease 409 (0.7) 1 1
Hypertension 37,485 (64.1) 1 1 5 1 1 1 1 1
Low platelet count 855 (1.5) 1
Malignancy 6143 (10.5) 1
Peripheral vascular 2021 (3.5) 1l 6
disease

AMI, acute myocardial infarction; ATRIA, Anticoagulation and Risk Factors in Atrial Fibrillaton; CHADS,, Congestive Heart Failure, Hypertension, Age,
Diabetes, Stroke/Transient Ischemic Attack; CHA,DS,-VASc, Congestive Heart Failure, Hypertension, Age (>75 years), Diabetes, Stroke/Transient Ischemic
Attack, Vascular Disease, Age (65-74 years), Sex (Female); eGFR, estimated glomerular filtration rate; HAS-BLED, Hypertension, Abnormal Renal/Liver Function,
Stroke, Bleeding History or Predisposition, Labile INR, Elderly (>65 Years), Drugs/Alcohol Concomitantly; HEMORR,HAGES, Hepatic or Renal Disease,
Ethanol Abuse, Malignancy, Older (Age > 75 Years), Reduced Platelet Count or Function, Rebleeding Risk, Hypertension (Uncontrolled), Anemia, Genetic
Factors, Excessive Fall Risk, and Stroke; INR, international normalized ratio; IQR, interquartile range; KDIGO, Kidney Disease: Improving Global Outcomes;
PAD, peripheral artery disease; R,CHADS;, Renal Dysfunction, Congestive Heart Failure, Hypertension, Age, Diabetes, Stroke/Transient Ischemic Attack.

*There are only a total of 71 points rather than 100 because we have no data on diastolic blood pressure and heart rate. Also we only used participants with

incident atrial fibrillation in this part of the study.
f Modified score; does not include labile INRs.

. . . . 2
¥ Modified to exclude genetic testing as per a previous study.”’

§ High risk is defined as greater than the median annual risk for stroke and > 3% annual risk for bleeding as defined in original manuscriptsl(
bleeding scores we collapsed categories into high vs low rather than 3 strata).

I Maximum of 1 point awarded for cither PAD and/or AML.

covariates/outcomes listed in this report) and an outpatient
serum creatinine measured at least once in the 3 months after
the index AF date. Patients with a history of mitral or aortic
valvular disease, valve surgery (see Supplemental Table S1) or
end-stage kidney disease (defined as documented chronic
dialysis or previous kidney transplant on the basis of linkage to
the Alberta kidney program registries) were excluded (Fig. 1).
These NVAF case definitions have been evaluated in multiple
studies and in those that used inpatient and outpatient data

5-21

(note that for

(as we did); sensitivity approached 95% and specificity
99%.”"?* We focused on incident cases defined as those
without any of the relevant diagnostic codes for NVAF in the
previous 5 years. We excluded any patients who started
anticoagulant therapy in the first 3 months after the index
NVAF diagnosis to remove the confounding effect of anti-
coagulation (using Blue Cross drug data, supplemented by
international normalized ratio (INR) measurements, to iden-
tify anticoagulated patients, and we censored follow-up for
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AKDN dataset
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N=4,418,966
Excluded (N=4,301,841)
No NVAF (N=4,227,146)
Valvular heart disease (N=25,542)
Follow-up ended before May 2002 (N=23,586)
No eGFR in first quarter (N=25,567)
Y
NVAF dataset
May 2002 — March 2013
N=117,125
Excluded (N=58,674)
Prevalent NVAF (N=34,259)
Anticoagulant use (N=24,415)
A

Incident NVAF dataset
without anticoagulant use
N=58,451

Incident definite NVAF dataset
without anticoagulant use
N=24,000

Incident persistent NVAF dataset
without anticoagulant use
N=27,278

Figure 1. Derivation of study sample. AKDN, Alberta Kidney Disease Network; eGFR, estimated glomerular filtration rate; NVAF, nonvalvular atrial

fibrillation.

other patients when they started anticoagulant treatment). As
per previous studies,”" we defined a case as being “definite
NVAF” if the patient had at least 2 encounters with the health
care system within 1 year and at least 30 days apart at which a
code of NVAF was recorded. We also evaluated a third
literature-based case definition of “persistent NVAF” defined
as 2 time-distinct hits in any of the administrative databases at
least 7 days apart and within 1 year. For all 3 NVAF case
definitions, the index date was defined as the date of the first
AF code in the discharge abstract database, national ambula-
tory care reporting system, or physician billing claims
databases.

Kidney function assessments

We used both eGFR (calculated using the CKD-
epidemiology equation, as recommended by the international
KDIGO guidelinesM) and albuminuria assessment to cate-
gorize patients as being KDIGO low, moderate, hi%l/l, or very
high risk stage for each calendar quarter.” eGFR
was calculated using the mean outpatient serum creatinine
measurement in each quarter and categorized as < 30, 30-44,
45-59, or > 60 mL/min.1.73 m>. Quarterly median albu-
minuria was ascertained in participants who had results of
dipstick urinalysis, albumin:creatinine ratio (ACR), or pro-
tein:creatinine ratio (PCR). We defined albuminuria on the
basis of the KDIGO definition as: normal or mild (ACR < 3
mg/mmol, PCR < 15 mg/mmol or negative dipstick),

moderate (ACR 3-30 mg/mmol or PCR 15-50 mg/mmol or
trace/1+), or severe (ACR > 30 mg/mmol or PCR > 50 mg/
mmol or 2+ on dipstick). Patients with absent albuminuria
values (25% of our study sample’s quarters) were modelled as
having no albuminuria (dummy indicator variable) for the
main analyses, but in sensitivity analyses we (1) modelled
“missing albuminuria” as a category to see if the coefficient
differed significantly from no albuminuria before collapsing the
groups and (2) imputed 20 values for each missing albuminuria
using the predictors eGFR category, sex, heart failure, diabetes
mellitus, hypertension, and anemia (variables chosen because
they had ¢ statistics > 10 in a simple baseline regression model).

Classification of anticoagulant exposure

We supplemented the Blue Cross medication data (mostly
available in participants 65 years of age and older) with INR
measurements to improve ascertainment of patients younger
than 65 years of age who were taking anticoagulation medi-
cation. We used availability of 2 or more outpatient INRs
during a single calendar quarter as a marker for probable
anticoagulant use.

Covariates and outcomes

As per our previous work, we identified comorbidities
using the ICD-9-CM or ICD-10-CA codes validated in
administrative databases (see Supplemental Table S1 for de-
tails of ICD-9-CM and ICD-10 coding algorithms, previously
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Table 2. Overall number of events, rate, and unadjusted hazard ratio (with 95% confidence intervals) for outcomes in adult Albertans with

nonvalvular atrial fibrillation who are anticoagulant-naive (N = 58,451)

Major bleeding

Variable All-cause mortality =~ Thromboembolic event Stroke TIA Systemic embolism event
Number of events 12,428 7340 5620 2555 611 4625
Rate per 100 person-years 6.57 4.22 3.15 1.40 0.33 2.57
KDIGO stage
Low risk 1.00 1.00 1.00 1.00 1.00 1.00
Moderate risk 1.99 (1.89-2.09) 1.56 (1.47-1.66) 1.60 (1.49-1.71) 1.69 (1.53-1.86) 1.19 (0.96-1.48) 1.65 (1.52-1.78)
High risk 3.66 (3.49-3.84) 2.02 (1.90-2.16) 2.07 (1.92-2.23) 1.94 (1.74-2.17) 1.58 (1.25-1.99) 2.37 (2.18-2.57)
Very high risk 6.94 (6.62-7.27) 2.64 (2.45-2.85) 2.79 (2.56-3.03) 2.29 (2.01-2.61) 1.93 (1.47-2.54) 3.83 (3.51-4.17)
Albuminuria
Low 1.00 1.00 1.00 1.00 1.00 1.00
Moderate 1.34 (1.26-1.42) 1.05 (0.97-1.14) 1.03 (0.93-1.13)  1.21 (1.06-1.37)  1.11 (0.85-1.46)  1.31 (1.20-1.45)
High 2.99 (2.85-3.13) 1.52 (1.41-1.64) 1.63 (1.50-1.78) 1.27 (1.10-1.45) 1.46 (1.12-1.91) 2.39 (2.20-2.59)
eGFR, mL/min/1.73 m*
> 60 1.00 1.00 1.00 1.00 1.00 1.00
45-59 2.23 (2.13-2.34) 1.91 (1.80-2.03) 1.92 (1.80-2.06) 2.04 (1.85-2.25) 1.17 (0.93-1.47) 1.81 (1.68-1.96)
30-44 3.96 (3.77-4.15) 2.37 (2.20-2.54) 2.37 (2.18-2.57)  2.33 (2.06-2.62) 1.80 (1.40-2.32) 2.53 (2.32-2.76)
< 30 8.19 (7.76-8.64) 3.13 (2.84-3.45) 3.37 (3.03-3.75)  2.40 (2.00-2.88) 2.05 (1.41-2.96) 4.03 (3.61-4.50)

eGFR, estimated glomerular filtration rate; KDIGO, Kidney Disease: Improving Global Outcomes; TIA, transient ischemic attack.

validated in other populations, with look-back beginning in
April 1994),”*% rural/urban residence, and postal code in-
come quintile using the Statistics Canada Postal Code Con-
version file. The thromboembolic outcome included any
stroke (ischemic or hemorrhagic, and whether hospitalized or
not), TIA, and systemic embolism. Our major bleeding
outcome included “any bleed requiring emergency depart-
ment visit or hospitalization, intracranial hemorrhage, or
gastrointestinal bleeding” using a standard case definition used
by multiple studies in the literature, including a recent Ca-
nadian study.’

Choice of thromboembolic and bleeding risk scores

. - 716- . .
We chose the 7 risk prediction models”'®*" listed in

Table 1 because they are endorsed in national and interna-
tional NVAF guidelines and are the ones most frequently used

in the literature. Details on how to tabulate each of the scores
is provided in Table 1.

Follow-up

We followed all study participants from the time they met
the NVAF case definition undil they started anticoagulant
therapy, they left the province, their first clinical event (stroke/
TIA/systemic embolism/major bleeding event or death
depending on particular objective), they initiated some form
of renal replacement therapy, or March 31 2013—whichever
came first.

Statistical analysis

In addition to reporting crude rates for the outcomes (all-
cause mortality, thromboembolic events, and major bleeding
events) in each kidney function stratum, we determined the

Table 3. Number of events, rate, and adjusted hazard ratio for outcomes in adult Albertans with nonvalvular atrial fibrillation who are anticoagulant-

naive (N = 58,451)

All-cause mortality

Thromboembolic events

Major bleeding

Adjusted HR

Adjusted HR

Adjusted HR

Variable Events (rate)* (95% CI) Events (rate)* (95% CI) Events (rate)* (95% CI)
KDIGO stage
Low risk 4577 (3.64) 1.00 3854 (3.27) 1.00 2214 (1.83) 1.00
Moderate risk 2333 (7.23) 1.03 (0.98-1.09) 1484 (5.12) 0.99 (0.93-1.05) 916 (3.02) 1.14 (1.06-1.24)
High risk 2678 (13.34) 1.45 (1.37-1.52) 1170 (6.64) 1.09 (1.01-1.17) 800 (4.33) 1.35 (1.24-1.47)
Very high risk 2840 (25.28) 1.88 (1.79-1.98) 832 (8.67) 1.13 (1.04-1.23) 695 (7.01) 1.61 (1.47-1.76)
Albuminuria
Low risk 8852 (5.59) 1.00 5947 (4.06) 1.00 3471 (2.29) 1.00
Moderate risk 1284 (7.48) 1.04 (0.98-1.10) 655 (4.26) 0.90 (0.83-0.98) 482 (3.01) 1.07 (0.97-1.18)
High risk 2292 (16.71) 1.65 (1.57-1.73) 738 (6.18) 1.06 (0.98-1.15) 672 (5.48) 1.50 (1.38-1.64)
¢GFR, mL/min/1.73m”
> 60 6100 (4.20) 1.00 4531 (3.34) 1.00 2788 (2.00) 1.00
45-59 2389 (9.38) 0.96 (0.91-1.01) 1438 (6.39) 1.05 (0.99-1.12) 864 (3.63) 1.13 (1.04-1.22)
30-44 2214 (16.60) 1.22 (1.15-1.28) 917 (7.92) 1.07 (0.99-1.16) 619 (5.06) 1.25 (1.14-1.37)
< 30 1725 (34.37) 1.94 (1.83-2.05) 454 (10.51) 1.27 (1.15-1.41) 354 (8.07) 1.50 (1.33-1.68)

Adjusted for age (18-64, 65-74, and > 75 years), sex, Aboriginal status, social assistance, postal code income quintile, previous thromboembolic event (or
previous bleeding event for the outcome bleeding events), and comorbidities. All comorbidities listed in Table 1 were included in the all-cause mortality model.

Only the comorbidities included in comparative scores were included in the thromboembolic event and the bleed event models, respectively.

CI, confidence interval; eGFR estimated glomerular filtration rate; HR, hazard ratio; KDIGO, Kidney Disease: Improving Global Outcomes.

*Rate per 100 person-years.
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the ATRIA Bleeding score derivation study) have only
examined kidney function at baseline whereas we conducted
time-varying analyses to incorporate changes in renal function
over time. The major issue with our study is the lack of data
on over the counter acetylsalicylic acid or nonsteroidal anti-
inflammatory drug (NSAID) use by study participants, a
common flaw in this literature. However, NSAID use is un-
common among CKD patients because nephrologists actively
discontinue these medications. Furthermore, a recent obser-
vational study using primary care medical records with full
access to information about over the counter medication use
showed that there was no association between the use of
acetylsalicylic acid or NSAIDs and stroke outcomes (adjusted
hazard ratio, 0.97; 95% CI, 0.90-1.04).>” It should also be
acknowledged that our & priori decision to focus on
anticoagulant-naive patients (reflecting our interest in the
point of initial clinical decision-making) resulted in lower rates
of bleeding than would be seen in anticoagulated patients.
Because the HEMORR,HAGES and ATRIA Bleed scores
were developed in anticoagulated patients, and the Hyper-
tension, Abnormal Renal/Liver Function, Stroke, Bleeding
History or Predisposition, Labile INR, Elderly (> 65 Years),
Drugs/Alcohol  Concomitantly (HAS-BLED) derivation
cohort had a mix of anticoagulated and nonanticoagulated
patients, we conducted a post hoc analysis of the 24,451
patients we excluded from this analysis because they were
already receiving anticoagulants; this revealed higher bleeding
rates (5.5 per 100 person-years) than in our anticoagulant-
naive patients (2.6 bleeds per 100 person-years), but the c
statistics for all 3 scores were lower (between 0.562 and 0.591)
in anticoagulated patients than we observed (0.618-0.660) in
anticoagulant-naive patients.

In conclusion, our findings have clarified the interplay
between CKD and outcomes in NVAF and help inform
future comparative effectiveness studies. KDIGO identified
risk prediction in NVAF patients with coexistent CKD as a
key priority for future research'” and a recent editorial’’
highlighted the omission of renal function from most cur-
rent NVAF risk scores and the need to address the paucity of
research on this topic. Indeed, our data show that current
widely used prediction scores for thromboembolic and
bleeding events perform poorly in patients with any degree
of CKD (KDIGO categories above low risk), highlighting
the need for better risk prediction scores in NVAF patients
with CKD. In the meantime, our study emphasizes the
importance of conducting comparative effectiveness studies
in NVAF strata defined according to KDIGO CKD

categories.
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