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Cardiorenal Outcomes Among Patients With Atrial Fibrillation
Treated With Oral Anticoagulants
Findings

Retrospective cohort study
Stockholm, Sweden (SCREAM Project)

DOAC vs VKA: Adjusted Hazard Ratio (95% CI)
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CONCLUSION: In routine clinical practice, compared with VKA, DOAC use was associated with a
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lower risk of CKD progression, AKI, and major bleeding, but similar risk of stroke/systemic embolism.
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Rationale & Objective
Direct oral anticoagulants (DOAC) have progressively replaced vitamin K antagonists (VKA) for
stroke prevention in patients with non-valvular atrial fibrillation (AF). DOACs cause fewer
bleeding complications but other advantages of DOACs, particularly related to kidney outcomes,
remain inconclusive. We studied the risks of CKD progression and AKI following DOAC and
VKA administration for non-valvular AF.
Study design
Retrospective cohort study.
Setting and participants
Cohort study of non-valvular AF patients resident in Stockholm, Sweden, during 2011-2018.
Exposure
Initiation of DOACs or VKA treatment.
Outcome(s)
Primary outcomes were CKD progression (composite of >30% eGFR decline and kidney failure)
and AKI (by diagnosis or KDIGO-defined transient creatinine elevations). Secondary outcomes
were death, major bleeding, and the composite of stroke and systemic embolism.
Analytical approach
Propensity-score weighted Cox regression was used to balance 50 baseline confounders.
Sensitivity analyses included falsification endpoints, subgroups, and estimation of per-protocol
effects.
Results
32,699 patients were included (56% initiated DOAC) and followed for median 3.8 years. Their
median age was 75 years, 45% were women and 27% had eGFR<60 ml/min/1.73 m2. The adjusted
hazard ratio for DOAC vs. VKA was 0.87 (95% CI 0.78-0.98) for the risk of CKD progression
and 0.88 (95% CI 0.80-0.97) for AKI. Hazard ratios were 0.77 (95% CI 0.67-0.89) for major
bleeding, 0.93 (95% CI 0.78-1.11) for the composite of stroke/systemic embolism, and 1.04 (95%
CI 0.95-1.14) for death. Results were similar across subgroups of age, sex and baseline eGFR,
when restricting to patients at high risk for thromboembolic events, and when censoring follow up
at treatment discontinuation or switches in type of anticoagulation.
Limitations
Missing information on time in therapeutic range and treatment dosages.
Conclusions
Among patients with non-valvular AF treated in routine clinical practice, compared with VKA,
DOAC use was associated with a lower risk of CKD progression, AKI, and major bleeding, but a
similar risk of the composite of stroke/systemic embolism and death.
Key words: SCREAM, warfarin, acute kidney injury, creatinine, safety, effectiveness, apixaban
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Plain-Language Summary
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The relative safety of anticoagulation with direct oral anticoagulants (DOAC) or vitamin K
antagonists (VKA) remains inconclusive, particularly with regards to kidney outcomes. In a cohort
of patients with non-valvular atrial fibrillation from Sweden, we observed that compared with
VKA, DOAC initiation was associated with a lower risk of the composite of kidney failure and
sustained 30% eGFR decline, as well as a lower risk of AKI occurrence. In agreement with trial
evidence, DOAC vs VKA treatment was associated with a lower risk of major bleeding, but a
similar risk of the composite of stroke, systemic embolism, or death. Collectively, these findings
add to emerging evidence on the safety and effectiveness of DOAC administered for atrial
fibrillation.
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INTRODUCTION
Atrial fibrillation (AF) is common, being present in >15% of individuals aged ≥75 years, and is
one of the leading causes of ischemic stroke worldwide1. Oral anticoagulant treatment is
recommended for most patients with non-valvular AF to reduce the risk of stroke and systemic
embolism2,3. Randomized trials of warfarin against placebo reported risk reductions of 64% for
stroke and systemic embolism4. Subsequently, pivotal trials demonstrated similar or greater
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efficacy of direct oral anticoagulants (DOAC) compared with vitamin K antagonists (VKA) in

ro

preventing those outcomes5-8, with lower risks of major bleeding, including hemorrhagic strokes,
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more stable anticoagulant effects, and reduced need for monitoring3,9: hence their use has become

lP
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more prevalent.
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Anticoagulation with either VKA or DOAC may be associated with adverse kidney outcomes.
Case reports and uncontrolled cohort studies have implicated VKAs as possibly causal in acute

ur

kidney injury (AKI)10-12 and increased risk of decline in GFR, termed VKA-related
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nephropathy.10,13,14 Suggested mechanisms include glomerular hemorrhage15, oxidative stress
causing renal tubular damage, and direct effects on renal vascular calcification by vitamin-Kdependent alterations of matrix GLA-protein15-17. Reports suggest that there may be similar risks
with DOAC treatment18-21, but this is much less studied. VKAs inhibit the recycling of anticalcification protein matrix Gla protein 1 and may be pro-calcific: this too has been suggested as
a possible mechanism for worsening kidney function, distinct from their action as anticoagulants2225

.
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However, post hoc analyses of 3 trials comparing DOACs with warfarin were not congruent, with
rate of loss of GFR reported as higher with warfarin,26 higher with DOACs27, and similar in both
groups28. A meta-analysis limited to randomized clinical trials (RCTs) evaluating ‘kidney failure’
reported as serious adverse events or creatinine-based events, found no difference between DOACs
and VKAs29. Other meta-analyses that included, and were dominated by, observational studies
identified differences in variously-defined AKI outcomes.30,31 However, observational studies in

of

those meta-analyses used insensitive administrative codes to identify AKI, lacked information on
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baseline estimated glomerular filtration rate (eGFR), were unable to evaluate long-term

re

-p

consequences to kidney function (progressive eGFR loss) and were limited in follow-up time.

lP

In this study, we compare the risks of CKD progression and AKI among patients with non-valvular
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AF initiating DOAC or VKA treatment, using both administrative healthcare data and all
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METHODS

ur

measurements of creatinine performed in our healthcare system.

The study derives from the Stockholm Creatinine Measurements (SCREAM) project, a healthcare
utilization cohort from the region of Stockholm, Sweden32,33. SCREAM is a repository of
laboratory tests from any resident of the Stockholm region during 2006-2018. These laboratory
tests are linked using unique personal identification numbers to regional and national
administrative databases with complete information on demographics, healthcare utilization,
dispensed drugs, validated kidney replacement therapy outcomes, diagnoses and vital status until
the end of 2019, without loss to follow-up. The Regional Ethical Review Board in Stockholm
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approved the study; informed patient consent was deemed not necessary since all data were deidentified at the Swedish Board of Health and Welfare.

Study population and study design
We identified all adults (age ≥18 years) who had a diagnosis of AF between 2011 and 2018 and
newly-started DOAC or VKA treatment in Stockholm. New users of DOACs or VKA were defined

of

as those with no previous dispensation of either treatment since at least 2006. Patients who had a
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history of valvular heart disease (mechanical prosthetic heart valve or moderate-to-severe mitral
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stenosis), were undergoing validated kidney replacement therapy, had eGFR<15 ml/min/1.73m2

re

or missing at baseline were excluded. The date of treatment initiation was defined as the index

na

lP

date and start of follow-up (T0).

Exposure and covariates

ur

The study exposure was treatment with a DOAC (apixaban, dabigatran, rivaroxaban or edoxaban)
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or warfarin (the VKA used in our region) at the index date. Baseline covariates were selected at
the index date and included demographics (age, sex, attained education), prescription year, alcohol
abuse, comorbidities (Table S1), ongoing medications (Table S2), stroke risk scores (CHA2DS2VASc, and the modified-CHADS234); a bleeding risk score (HAS-BLED; Table S3), and baseline
eGFR. The same set of covariates was also defined as time-varying confounders in a sensitivity
analysis, with the exception of sex and education which were kept as time-fixed. eGFR was
calculated using routine ambulatory isotope-dilution-mass-spectrometry–traceable plasma
creatinine measurements and applying the 2009 CKD-EPI equation without correction for race35.
eGFR at baseline was defined as the average of all creatinine measurements performed in the
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preceding 12 months and categorized as ≥60, 59-30 and <30 ml/min/1.73m2. Finally, to capture
healthcare utilization and disease severity, we also considered the number of primary healthcare
visits, outpatient specialist visits, ICD diagnoses issued, and procedure codes issued in the 12
months before.

Outcomes

of

The primary study outcomes were 1) CKD progression and 2) AKI. CKD progression was

ro

specified as the composite of kidney failure or sustained 30% eGFR decline. Kidney failure was

-p

defined as the presence of sustained eGFR <15 mL/min/1.73m2, initiation of maintenance dialysis

re

or kidney transplantation (Table S4). To reduce outcome misclassification bias owing to intrinsic

lP

eGFR variability, and to confirm whether eGFR declines were sustained over time, we used a

na

linear interpolation method36. In brief, and for each individual, a linear regression line was fitted
through all outpatient eGFR measurements. To be considered a sustained eGFR<15

ur

ml/min/1.73m2, the linear regression slope needed to be negative, and the 15 ml/min/1.73m2
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threshold needed to be crossed before the last measurement. The time to event was then defined
as the interpolated moment in which the linear regression line crossed the 15 ml/min/1.73m2
threshold. A sustained 30% eGFR decline was defined in a similar manner. AKI was identified by
a combination of diagnoses (ICD-10 code N17) in outpatient or hospital care and transient
creatinine elevations during hospitalization according to KDIGO criteria37 (increase in creatinine≥-26 µmol/L over 48 hours or >1.5 times within 7 days, Table S4). For these outcomes, followup ended on the date of endpoints, last laboratory measurement or December 31, 2018, whichever
came first.
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In addition, we evaluated cardiovascular risk-benefit as secondary study outcomes to compare with
results from pivotal trials. These endpoints included 1) a composite of ischemic or undefined stroke
and systemic embolism; 2) major bleeding (including intracranial bleeding/hemorrhagic stroke,
gastrointestinal and other types of bleeding); and 3) all-cause and cardiovascular mortality. These
outcomes were ascertained through ICD-10 codes issued at first and second diagnostic positions
during a hospital admission, or as first diagnostic position as cause of death. For these outcomes,

ro

of

follow-up ended on the date of endpoints, death or December 31, 2019, whichever came first.

-p

Statistical analyses

re

Continuous variables are presented as medians with interquartile ranges (IQR) and categorical

lP

variables as numbers and percentages. We used inverse probability of treatment weighting to

na

control for baseline confounding38,39. We estimated the probability of receiving DOAC versus
VKA as a function of the baseline covariates listed above in a logistic regression model where

ur

treatment assignment was the dependent variable. Weighting was considered appropriate if the
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standardized mean difference (SMD) between treatment groups was <0.1. Weights were stabilized
to increase precision by adding the marginal probability of treatment to the numerator of the
weights. Weighted cause-specific hazard models were used to estimate hazard ratios (HR) and
95% confidence intervals (95% CI) between DOAC or VKA initiation and outcomes. Robust
variance estimation was used to calculate confidence intervals after weighting. In the primary
analysis, individuals were considered according to their initially assigned treatment group
irrespective of discontinuation or treatment switch (intention-to-treat approach). Weighted
cumulative incidence curves were estimated to graphically represent the effect of each treatment.
Assuming no unmeasured confounding, the weighted cumulative incidence curves for a given
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treatment provide the hypothetical cumulative incidence that would have been observed had all
patients followed that particular strategy40.

Associations between DOAC and VKA with the study outcomes were investigated by strata of age
(≥75 vs <75 years), sex, and baseline eGFR (eGFR≥ or <60 ml/min per 1.73m2). To calculate the
stratum-specific hazard ratios while preserving balance within subgroups, we re-estimated the

of

probability of receiving DOAC versus VKA and re-fit the weighted proportional hazards models

ro

in each stratum. Differences in the hazard ratios between strata (i.e., effect modification) were

re

-p

tested using the Wald test for interaction.

lP

We performed several sensitivity analyses. First, to explore potential residual confounding due to

na

unmeasured confounders, we assessed the association between DOAC vs. VKA initiation and the
falsification outcomes pneumonia or cataract surgery41. We did not expect DOACs to be associated

ur

with either of the falsification outcomes; an association may point to residual confounding or
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information bias42. Second, we restricted our study population to a) patients with CHA2DS2-VASc
≥2, as those with a score of 0 or 1 may have an indication for short-term DOAC treatment when
they undergo cardioversion; b) patients free from history of VTE, to evaluate whether dual
indication for OAC treatment would modify our observations; c) patients initiating OAC therapy
within 90 days from an incident AF diagnosis, to increase confidence that this was the indication
for OAC use. Third, we censored patients at treatment discontinuation or treatment switch (from
VKA to DOAC or vice versa), thus emulating a per-protocol analysis. Since we expected the rate
of discontinuation or switch to be dependent on the initial treatment assigned (i.e., discontinuation
would be more frequent among users VKA), we used inverse probability of censoring weighting
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to account for the differential loss to follow-up (i.e., informative censoring) between treatment
groups. This method also takes into account differences in mortality risk as death was considered
in the censoring event together with discontinuation and switch. To this end, we split the followup into monthly intervals, and at each interval we calculated the probability of remaining
uncensored. These probabilities were used to calculate stabilized weights where the numerator of
the stabilized weights was the probability of remaining uncensored conditional on time-fixed

of

confounders at each month, and the denominator the probability of remaining uncensored

ro

conditional on time-fixed and time-varying confounders. Stabilized weights were truncated at the
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99.99th percentile to avoid undue influence of large weights. We then estimated the discrete-time

re

hazard ratio using a weighted pooled logistic regression model including the time-varying

lP

censoring and baseline treatment weights. Lastly, to investigate potential differential outcome

na

ascertainment due to differences in the frequency of serum creatinine testing between the DOAC
and VKA groups, we calculated the proportion of individuals with a serum creatinine test during

RESULTS

Jo

ur

follow-up in each group. All analyses were performed using R version 4.0.5.

Demographics and clinical characteristics
During 2011-2018, 71,167 adults filled DOAC or VKA prescriptions in the region of Stockholm.
After applying inclusion and exclusion criteria, we identified 32,699 individuals with AF who
initiated either therapy and were considered for the analysis (Figure S1). Of those, 18,323 (56%)
started DOAC and 14,376 (44%) started VKA treatment. The vast majority of patients (>95%)
initiated OAC treatment within 90 days after an incident AF diagnosis (Figure S2). Their median
age was 75 years (IQR: 68-83) and 45% were women (Table 1). The median eGFR was 73 (IQR
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59-85) ml/min/1.73m2 and 27% had an eGFR<60 ml/min/1.73m2. Hypertension was the most
common comorbidity (72%), followed by vascular disease (30%), history of cancer (26%) and
congestive heart failure or left ventricular dysfunction (25%). The median CHA2DS2-VASc score
was 3 (IQR 2-5), the median modified-CHADS2 score was 5 (IQR 3-7) and the median HASBLED score was 2 (IQR 2-3). Patients also commonly used β-blockers (80%), RAASi (56%),

of

aspirin (44%) and statins (36%).

ro

Apixaban was the most prescribed DOAC at therapy initiation (71%), followed by dabigatran

-p

(17%) and rivaroxaban (12%). Edoxaban was rarely prescribed (0.2%). The proportion of patients

re

prescribed DOAC instead of VKA increased steadily over time (Figure S3, panel A). When

lP

stratifying by baseline eGFR, by 2018 98% of users with KDIGO category G1-2 GFR, and 95%

na

of those with G3 were prescribed DOAC rather than warfarin, while in that year 69% of
participants with G4 CKD were prescribed DOACs (Figure S3, panel B). Figure S4 shows good

Jo

ur

balance in all measured covariates after IPTW with all SMDs <0.1 (Figure S4).

Comparative effectiveness of DOAC vs VKA treatment on kidney outcomes
The median follow-up time before censoring or end of follow-up was 3.0 (IQR 1.4-5.0) years.
CKD progression occurred in 1208 individuals in the DOAC group and 2244 individuals in the
VKA group, corresponding to incidence rates of 30.4 and 36.3 per 1000 person-years, respectively
(Table 2). Compared with VKA, the adjusted HR for CKD progression for DOAC users was 0.87
(95% CI 0.78-0.98). The weighted cumulative incidence curves are depicted in Figure 1, panel
A. Reduced CKD progression resulted from reductions in the risks of both components of the
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composite: sustained 30% eGFR decline (HR 0.88, 95% CI 0.78-0.98) and kidney failure (HR
0.43, 95% CI 0.25-0.73).

During the same period, 1825 patients in the DOAC group and 3277 patients in the VKA group
experienced an AKI event, corresponding to incidence rates of 46.7 and 54.5 per 1000 personyears, respectively. Compared to VKA, DOAC use was associated with a lower AKI risk, with an

of

adjusted HR of 0.88 (95% CI 0.80-0.97). The weighted cumulative incidence curves showed good

-p

ro

separation between the groups in the first years of follow-up (Figure 1, panel B).

re

Comparative effectiveness of DOAC vs VKA on cardiovascular outcomes, bleeding and

lP

death

na

The median follow-up time for all-cause mortality was 3.8 (IQR 2.1-5.8) years. No differences
were observed between DOAC vs VKA treatment for the composite outcome of ischemic stroke

ur

or systemic embolism (HR 0.93, 95% CI 0.78-1.11). There was a significantly lower risk for major

Jo

bleeding (HR 0.77, 95% CI 0.67-0.89) (Table 2, Figure S5). For the single components, a
significantly lower risk was observed for intracranial bleeding (HR 0.59, 95% CI 0.47-0.75) but
no difference between treatment groups for the risk of ischemic stroke (HR 0.88, 95% CI 0.731.06), gastrointestinal bleeding (HR 0.96, 95% CI 0.79-1.17), or other types of bleeding (HR 0.88,
95% CI 0.66-1.18).

A total of 3222 individuals died in the DOAC group and 4842 in the VKA group, corresponding
to incidence rates of 57.1 and 64.1 per 1000 person-years, respectively. After adjustment, this
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resulted in a HR of 1.04 (95% CI 0.95-1.14) for all-cause death and 0.99 (95% CI 0.84-1.17) for
cardiovascular death with DOAC compared to VKA (Table 2, Figure S6).

Subgroup and sensitivity analyses
We generally observed consistent results with no signs of heterogeneity for the risk of CKD
progression or AKI across pre-specified subgroups of age (Figure S7) and baseline eGFR strata

of

(Figure S8). There was a suggestion of heterogeneity with lower risk of the composite of

ro

ischemic/systemic embolism and ischemic stroke associated with DOAC compared with VKA

-p

treatment among women, with a HR of 0.78 (95% CI 0.60-1.01) compared to men, with a HR of

lP

re

1.16 (95% CI 0.91-1.49); p-value for interaction = <0.001) (Figure S9).

na

We obtained findings similar to our primary analysis when restricting the population to patients
with CHA2DS2-VASc ≥2 (Table S5), to patients free from VTE history (Table S6) and to patients

ur

starting treatment within 90 days from an incident AF diagnosis (Table S7). During follow-up

Jo

15,339 individuals discontinued treatment or switched to the other therapy. The proportion of
patients that discontinued/switched was higher in the VKA group (77%) than in the DOAC group
(21%), and mostly attributed to switching. After accounting for the propensity of
discontinuing/switching, DOAC use was still associated with a lower risk of CKD progression
(HR 0.77, 95% CI 0.64-0.92) and of AKI (HR 0.79, 95% CI 0.71-0.89) compared to VKA. We
also observed similar results regarding our secondary cardiovascular outcomes, with the only
exception of a significantly lower risk of ischemic stroke (HR 0.59, 95% CI 0.36-0.98) associated
with DOAC vs VKA treatment (Table S8). Use of DOAC vs VKA was not associated with the
falsification outcomes of pneumonia or cataract surgery (Table S9). Both DOAC initiators and
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VKA initiators had a similar rate of outpatient creatinine tests per person years of follow-up (Table
S10).

DISCUSSION
In this cohort study of 32,699 non-valvular AF patients from routine clinical practice, initiation of
DOAC vs VKA was associated with more favorable kidney outcomes, i.e., a lower risk of the

of

composite of kidney failure and sustained 30% eGFR decline, as well as a lower risk of AKI

ro

occurrence. In agreement with trial evidence, we showed that DOAC vs VKA treatment was

-p

associated with a lower risk of major bleeding, but a similar risk of the composite of stroke,

re

systemic embolism or death. The observed associations were consistent across levels of baseline

lP

kidney function and across sensitivity analyses, including per-protocol analyses and restricting to

na

patients at high risk for thromboembolic events. The results from the stratified analyses should be
carefully interpreted and considered as hypothesis generating only, as they are not corrected for

Jo
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multiple testing and may be subject to false positives.

The possibility of better kidney outcomes in patients treated with DOAC compared with VKA was
initially suggested by a post hoc analysis of the Randomized Evaluation of Long-Term
Anticoagulation Therapy (RE-LY) trial. In this trial, open-label warfarin was compared to
dabigatran treatment in patients with AF and were at high risk of stroke. The results showed that
the dabigatran group had a slower decline in eGFR compared with warfarin, as well as a lower risk
for 25% eGFR decline26. However, subsequent analyses in pivotal trials comparing rivaroxaban
(ROCKET-AF) or apixaban (ARISTOTELE) to warfarin treatment did not confirm these
findings27,28. A meta-analysis of these RCTs did not show a difference29, but some of the original
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RCTs were limited to ‘kidney failure’ reported as a serious adverse event and the others used
variously defined changes in creatinine, which could have resulted in lack of sensitivity of outcome
detection and misclassification. Several observational studies have attempted to compare DOAC
vs VKA treatment with regard to CKD progression43-48. The majority of these studies defined CKD
progression using diagnostic codes of CKD, which are sensitive to detection bias given the poor
awareness and underutilization of ICD diagnoses for this condition49,50. Other identified limitations

of

are restriction to certain population segments44,48, low sample size46, short follow-up or inclusion

ro

of prevalent users of the medication43. A 2021 meta-analysis31 pooled data from 7 of these studies
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with data from 11 RCTs. For the outcomes AKI and ‘worsening renal function’ the pooled hazard

re

ratios for DOAC vs VKA were 0.70 (95% CI 0.64–0.77) and 0.83 (95% CI 0.73-0.95),

lP

respectively. This meta-analysis was dominated by cohort studies because of their comparatively

na

large event numbers and were highly heterogeneous (I2 84% and 76%, respectively).

ur

The study of Yao et al.47 is, to the best of our knowledge, the sole observational study investigating
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the risk of CKD progression between these therapies using laboratory measurements. They studied
administrative and laboratory data in a private health care system from the US, including 9,769
patients with non-valvular AF starting DOAC or VKA during 2010-2016. With a median followup of 10.7 months the number of kidney events detected was low. Despite this, they found that
DOAC compared to VKA treatment was associated with lower risks of a ≥30% decline in eGFR
(HR 0.77, 95% CI 0.66-0.89) and a doubling of creatinine (HR 0.62, 95% CI 0.40-0.95). Our study
agrees with and expands this evidence to a larger, more contemporary population with
substantially longer follow up. Further, our study setting is in the context of universal healthcare
access and uses patients’ data from an entire region, which make it less susceptible to biases arising
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from differential access to health care. An additional strength is the use of a linear interpolation
method51 to ascertain chronic declines in kidney function. Given the many factors influencing
eGFR, this method is less susceptible to transient variation that may misclassify the outcome when
requiring only one measurement to pass the threshold.

Several large observational studies have also investigated differences in the risk of AKI between

of

DOAC and VKA users43-45,47,52,53. Again, their limitation has been the reliance on insensitive

ro

diagnostic codes for AKI. Recently, Harel et al.54 evaluated the risk of AKI associated with

-p

initiation of DOAC or warfarin among 20,683 older adults (≥66 years) from Ontario, Canada,

re

during a median follow-up of 308 days. Compared with users of warfarin, they observed a relative

lP

lower risk among users of apixaban (HR 0.81, 95% CI 0.72–0.93), rivaroxaban (HR 0.85, 95% CI

na

0.73–0.98) and dabigatran (HR 0.65, 95% CI 0.53–0.80). Although our results agree and serve to
increase the generalizability of the finding, we note several differences: we had a larger sample

ur

size, a broader population of all ages and considerably longer follow-up. Our lack of selection by
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age likely explains our approximately 60% lower incidence rates of AKI compared with Harel et
al. However, because of the predominant use of apixaban in our setting, we were unable to conduct
drug-stratified analyses.

Our evaluation of cardiovascular effectiveness and safety outcomes gives indirect validity to our
kidney endpoints. Consistent with trials and existing observational reports55-58, patients on DOACs
in our study had lower risks of major bleeding and intracranial bleeding, but similar risks of stroke
and systemic embolism, ischemic stroke, and death. These findings agree with a previous study
from our region 59 with the exception of a higher risk of gastrointestinal bleeds with DOACs vs.
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VKA in that study. This difference may be related to control for eGFR as a confounder in our
study and that we have a more contemporary population, which is characterized by the increased
use of apixaban during recent years. As shown in trials, apixaban is associated with a lower
bleeding risk compared to other DOACs 29-31.

Our study also has limitations: We lacked information on the time in therapeutic range (TTR) for

of

VKA. Though it is a possibility that outcome differences are explained by inadequate TTR control,

ro

external data show that Sweden has generally excellent INR control, with a mean TTR over 75%

-p

in RCTs60,61 and observational studies62. We had too few patients initiating therapy with eGFR<30

re

ml/min/1.73 m2, also lacked information on DOAC dosages, but when accounting for changes in

lP

the treatment strategy during follow-up, our results were consistent. Our study is observational,

na

and residual confounding cannot be excluded. However, given our design and extensive
adjustment for confounders, the agreement with trial evidence, as well as the negative control

ur

outcome analysis, we find it unlikely that residual confounding fully explains the observed

Jo

reduction in kidney outcomes. Unlike in trials, creatinine levels in our study were not tested at predefined intervals but in connection with routine healthcare, with variable rates of monitoring.
Nonetheless, we believe that our findings are not explained by differential outcome ascertainment,
because the frequency of creatinine testing was similar in the two treatment groups, and because
the outcome of kidney failure (which is not affected by outcome ascertainment bias) showed
findings consistent with eGFR decline. Finally, the reduction in kidney outcomes is an
“unintended” effect of anticoagulation treatment, as this is not an indication for treatment, and
unintended effects generally suffer less from confounding by indication63,64.
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To conclude, in this observational study from the routine care of an entire region, initiation of
DOAC compared with VKA treatment was associated with lower risks of CKD progression, AKI
and major bleeding, but a similar risk of the composite of stroke and systemic embolism.

Supplementary Material

Jo

ur

na

lP

re

-p

ro

of

Table S1. Definition of comorbidities
Table S2. Definition of medications
Table S3. Risk scores
Table S4. Definition of outcomes
Table S5. Number of events, incidence rates and adjusted hazard ratios for the association
between DOAC vs VKA initiation and outcomes in patients with CHA2DS2-VASc ≥ 2.
Table S6. Number of events, incidence rates and adjusted hazard ratios for the association
between DOAC vs. VKA initiation and outcomes among patients without history of venous
thromboembolism and less than 3 months between AF diagnosis and treatment initiation (n =
28,314).
Table S7. Number of events, incidence rates and adjusted hazard ratios for the association
between DOAC vs. VKA initiation and outcomes among patients with less than 3 months
between AF diagnosis and treatment initiation (n = 31,182).
Table S8. Number of events, incidence rates and adjusted hazard ratios for the association
between DOAC vs VKA initiation and outcomes accounting for treatment switch and
discontinuation.
Table S9. Number of events, incidence rates and adjusted hazard ratios for the association
between DOAC vs. VKA initiation and falsification outcomes
Table S10. Frequency of creatinine measurement during follow-up in the observed and weighted
population.
Figure S1. Selection of the study population
Figure S2. Cumulative proportion of time between atrial fibrillation diagnosis and treatment
initiation (n=32,699)
Figure S3. Pattern of OAC prescription over time overall (Panel A) and by eGFR categories
(Panel B).
Figure S4. Standardized mean difference before and after inverse probability of treatment
weighting.
Figure S5. Weighted cumulative incidence curves for (A) composite of stroke and systemic
embolism and (B) major bleeding by DOAC or VKA initiation. Shaded areas represent 95%
confidence intervals.
Figure S6. Weighted cumulative incidence curves for (A) all-cause of death and (B)
cardiovascular death by DOAC or VKA initiation. Shaded areas represent 95% confidence
intervals.
Figure S7. Association between DOAC vs. VKA use and outcomes by age strata
Figure S8. Association between DOAC vs. VKA use and outcomes by eGFR strata
Figure S9. Association between DOAC vs. VKA use and outcomes by sex

18

Article Information
Authors’ Contributions: Research idea and study design: MT, PH, ELF, JJC; data acquisition:
JJC ME; data analysis/interpretation: All authors; statistical analysis: MT; supervision or
mentorship: JJC, PH. Each author contributed important intellectual content during manuscript
drafting or revision and agrees to be personally accountable for the individual’s own contributions
and to ensure that questions pertaining to the accuracy or integrity of any portion of the work, even

ro

including with documentation in the literature if appropriate.

of

one in which the author was not directly involved, are appropriately investigated and resolved,

-p

Support: Research reported in this publication was supported by the Swedish Research Council

re

(#2019-01059), the Swedish Heart and Lung Foundation and the Westman Foundation. ELF

lP

acknowledges support by a Rubicon Grant of the Netherlands Organization for Scientific Research

na

(NWO). The funders did not have a role in the study design, data collection, analysis, reporting,
or the decision to submit for publication.

ur

Financial Disclosure: JJC acknowledges consultancy for AstraZeneca and Baxter, and grant

Jo

support to Karolinska Institutet from AstraZeneca, Viforpharma and Astellas, all outside the
submitted work. CMC has received consultation, advisory board membership or research funding
from the Ontario Ministry of Health, Sanofi, Johnson & Johnson, Pfizer, Leo Pharma, Astellas,
Janssen, Amgen, Boehringer-Ingelheim and Baxter, all outside the submitted work. ME has
received payment for lectures outside the current work from Astellas pharma, Astra Zeneca, Vifor
pharma, Fresenius medical care, Baxter healthcare. ELF declares that he has no other relevant
financial interests. The other authors declare that they have no relevant financial interests.

19

Peer Review: Received February 2, 2022. Evaluated by 2 external peer reviewers, with direct
editorial input from a Statistics/Methods Editor, an Associate Editor, and the Editor-in-Chief.
Accepted in revised form July 31, 2022.

REFERENCES

Jo

ur

na

lP

re

-p

ro

of

1.
O'Donnell MJ, Chin SL, Rangarajan S, et al. Global and regional effects of potentially modifiable
risk factors associated with acute stroke in 32 countries (INTERSTROKE): a case-control study. The
Lancet. 2016/08/20/ 2016;388(10046):761-775. doi:https://doi.org/10.1016/S0140-6736(16)30506-2
2.
Hindricks G, Potpara T, Dagres N, et al. 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. European Heart Journal. 2020;42(5):373-498.
doi:10.1093/eurheartj/ehaa612
3.
January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/HRS Guideline for the Management of
Patients With Atrial Fibrillation: A Report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines and the Heart Rhythm Society. Journal of the American
College of Cardiology. 2014/12/02/ 2014;64(21):e1-e76. doi:https://doi.org/10.1016/j.jacc.2014.03.022
4.
Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrombotic therapy to prevent stroke in
patients who have nonvalvular atrial fibrillation. Ann Intern Med. Jun 19 2007;146(12):857-67.
doi:10.7326/0003-4819-146-12-200706190-00007
5.
Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus Warfarin in Patients with Atrial
Fibrillation. New England Journal of Medicine. 2009/09/17 2009;361(12):1139-1151.
doi:10.1056/NEJMoa0905561
6.
Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus Warfarin in Nonvalvular Atrial
Fibrillation. New England Journal of Medicine. 2011/09/08 2011;365(10):883-891.
doi:10.1056/NEJMoa1009638
7.
Granger CB, Alexander JH, McMurray JJV, et al. Apixaban versus Warfarin in Patients with Atrial
Fibrillation. New England Journal of Medicine. 2011/09/15 2011;365(11):981-992.
doi:10.1056/NEJMoa1107039
8.
Giugliano RP, Ruff CT, Braunwald E, et al. Edoxaban versus Warfarin in Patients with Atrial
Fibrillation. New England Journal of Medicine. 2013/11/28 2013;369(22):2093-2104.
doi:10.1056/NEJMoa1310907
9.
Heidbuchel H, Verhamme P, Alings M, et al. Updated European Heart Rhythm Association
Practical Guide on the use of non-vitamin K antagonist anticoagulants in patients with non-valvular atrial
fibrillation. EP Europace. 2015;17(10):1467-1507. doi:10.1093/europace/euv309
10.
Brodsky SV, Satoskar A, Chen J, et al. Acute Kidney Injury During Warfarin Therapy Associated
With Obstructive Tubular Red Blood Cell Casts: A Report of 9 Cases. American Journal of Kidney
Diseases. 2009/12/01/ 2009;54(6):1121-1126. doi:https://doi.org/10.1053/j.ajkd.2009.04.024
11.
Fanola CL, Mooney D, Cowan AJ, et al. Incidence of severe renal dysfunction among individuals
taking warfarin and implications for non–vitamin K oral anticoagulants. American Heart Journal.
2017/02/01/ 2017;184:150-155. doi:https://doi.org/10.1016/j.ahj.2016.08.017

20

Jo

ur

na

lP

re

-p

ro

of

12.
Brodsky SV, Nadasdy T, Rovin BH, et al. Warfarin-related nephropathy occurs in patients with
and without chronic kidney disease and is associated with an increased mortality rate. Kidney
international. Jul 2011;80(2):181-9. doi:10.1038/ki.2011.44
13.
Mendonca S, Gupta D, Valsan A, Tewari R. Warfarin related acute kidney injury: A case report.
Indian journal of nephrology. Jan-Feb 2017;27(1):78-80. doi:10.4103/0971-4065.177142
14.
Ryan M, Ware K, Qamri Z, et al. Warfarin-related nephropathy is the tip of the iceberg: direct
thrombin inhibitor dabigatran induces glomerular hemorrhage with acute kidney injury in rats.
Nephrology Dialysis Transplantation. 2014;29(12):2228-2234. doi:10.1093/ndt/gft380
15.
Golbin L, Vigneau C, Touchard G, et al. Warfarin-related nephropathy induced by three different
vitamin K antagonists: analysis of 13 biopsy-proven cases. Clinical kidney journal. Jun 2017;10(3):381388. doi:10.1093/ckj/sfw133
16.
Scicchitano P, Tucci M, Bellino MC, et al. The Impairment in Kidney Function in the Oral
Anticoagulation Era. A Pathophysiological Insight. Cardiovasc Drugs Ther. Jun 2021;35(3):505-519.
doi:10.1007/s10557-020-07004-x
17.
Ozcan A, Ware K, Calomeni E, et al. 5/6 nephrectomy as a validated rat model mimicking human
warfarin-related nephropathy. Am J Nephrol. 2012;35(4):356-64. doi:10.1159/000337918
18.
Ikeda M, Tanaka M, Shimoda S, et al. Dabigatran-induced anticoagulant-related nephropathy
with undiagnosed IgA nephropathy in a patient with normal baseline renal function. CEN case reports.
Nov 2019;8(4):292-296. doi:10.1007/s13730-019-00410-7
19.
Brodsky SV, Mhaskar NS, Thiruveedi S, et al. Acute kidney injury aggravated by treatment
initiation with apixaban: Another twist of anticoagulant-related nephropathy. Kidney research and
clinical practice. Dec 2017;36(4):387-392. doi:10.23876/j.krcp.2017.36.4.387
20.
Escoli R, Santos P, Andrade S, Carvalho F. Dabigatran-Related Nephropathy in a Patient with
Undiagnosed IgA Nephropathy. Case reports in nephrology. 2015/08/05 2015;2015:298261.
doi:10.1155/2015/298261
21.
Jansky L, Mukkamala P, Jebakumar D, Rao A, Goldson TM, Forjuoh SN. Acute kidney injury and
undiagnosed immunoglobulin A nephropathy after dabigatran therapy. Baylor University Medical Center
Proceedings. 2018/07/03 2018;31(3):321-323. doi:10.1080/08998280.2018.1463036
22.
Chatrou MLL, Winckers K, Hackeng TM, Reutelingsperger CP, Schurgers LJ. Vascular calcification:
The price to pay for anticoagulation therapy with vitamin K-antagonists. Blood Reviews. 2012/07/01/
2012;26(4):155-166. doi:https://doi.org/10.1016/j.blre.2012.03.002
23.
Luo G, Ducy P, McKee MD, et al. Spontaneous calcification of arteries and cartilage in mice
lacking matrix GLA protein. Nature. 1997/03/01 1997;386(6620):78-81. doi:10.1038/386078a0
24.
Schurgers LJ, Joosen IA, Laufer EM, et al. Vitamin K-Antagonists Accelerate Atherosclerotic
Calcification and Induce a Vulnerable Plaque Phenotype. PLoS One. 2012;7(8):e43229.
doi:10.1371/journal.pone.0043229
25.
Cozzolino M, Fusaro M, Ciceri P, Gasperoni L, Cianciolo G. The Role of Vitamin K in Vascular
Calcification. Advances in chronic kidney disease. 2019/11/01/ 2019;26(6):437-444.
doi:https://doi.org/10.1053/j.ackd.2019.10.005
26.
Böhm M, Ezekowitz MD, Connolly SJ, et al. Changes in Renal Function in Patients With Atrial
Fibrillation: An Analysis From the RE-LY Trial. Journal of the American College of Cardiology. 2015/06/16/
2015;65(23):2481-2493. doi:https://doi.org/10.1016/j.jacc.2015.03.577
27.
Hijazi Z, Hohnloser SH, Andersson U, et al. 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 cardiology. 2016;1(4):451-460.
doi:10.1001/jamacardio.2016.1170

21

Jo

ur

na

lP

re

-p

ro

of

28.
Fordyce CB, Hellkamp AS, Lokhnygina Y, et al. On-Treatment Outcomes in Patients With
Worsening Renal Function With Rivaroxaban Compared With Warfarin: Insights From ROCKET AF.
Circulation. Jul 5 2016;134(1):37-47. doi:10.1161/circulationaha.116.021890
29.
Caldeira D, Gonçalves N, Pinto FJ, Costa J, Ferreira JJ. Risk of renal failure with the non-vitamin K
antagonist oral anticoagulants: systematic review and meta-analysis. Pharmacoepidemiol Drug Saf. Jul
2015;24(7):757-64. doi:10.1002/pds.3791
30.
Zhang C, Gu ZC, Ding Z, et al. Decreased risk of renal impairment in atrial fibrillation patients
receiving non-vitamin K antagonist oral anticoagulants: A pooled analysis of randomized controlled trials
and real-world studies. Thrombosis research. Feb 2019;174:16-23. doi:10.1016/j.thromres.2018.12.010
31.
Sitticharoenchai P, Takkavatakarn K, Boonyaratavej S, Praditpornsilpa K, Eiam‐Ong S,
Susantitaphong P. Non-Vitamin K Antagonist Oral Anticoagulants Provide Less Adverse Renal Outcomes
Than Warfarin In Non-Valvular Atrial Fibrillation: A Systematic Review and MetaAnalysis. Journal of the
American Heart Association. 2021;10(7):e019609. doi:doi:10.1161/JAHA.120.019609
32.
Runesson B, Gasparini A, Qureshi AR, et al. The Stockholm CREAtinine Measurements (SCREAM)
project: protocol overview and regional representativeness. Clinical kidney journal. Feb 2016;9(1):11927. doi:10.1093/ckj/sfv117
33.
Carrero JJ, Elinder CG. The Stockholm CREAtinine Measurements (SCREAM) project: Fostering
improvements in chronic kidney disease care. Journal of Internal Medicine. 2022;291(3):254-268.
doi:https://doi.org/10.1111/joim.13418
34.
de Jong Y, Fu EL, van Diepen M, et al. Validation of risk scores for ischaemic stroke in atrial
fibrillation across the spectrum of kidney function. European Heart Journal. 2021;42(15):1476-1485.
doi:10.1093/eurheartj/ehab059
35.
Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular filtration rate.
Ann Intern Med. May 5 2009;150(9):604-12. doi:10.7326/0003-4819-150-9-200905050-00006
36.
Zee J, Mansfield S, Mariani LH, Gillespie BW. Using All Longitudinal Data to Define Time to
Specified Percentages of Estimated GFR Decline: A Simulation Study. Am J Kidney Dis. Jan 2019;73(1):8289. doi:10.1053/j.ajkd.2018.07.009
37.
Kellum JA, Lameire N, Aspelin P, et al. Kidney Disease: Improving Global Outcomes (KDIGO)
Acute Kidney Injury Work Group: KDIGO 2012 clinical practice guideline for acute kidney injury Kidney
Int Suppl 2012;2:1-138.
38.
Fu EL, Groenwold RHH, Zoccali C, Jager KJ, van Diepen M, Dekker FW. Merits and caveats of
propensity scores to adjust for confounding. Nephrology, dialysis, transplantation : official publication of
the European Dialysis and Transplant Association - European Renal Association. Oct 1 2019;34(10):16291635. doi:10.1093/ndt/gfy283
39.
Chesnaye NC, Stel VS, Tripepi G, et al. An introduction to inverse probability of treatment
weighting in observational research. Clinical Kidney Journal. 2021;doi:10.1093/ckj/sfab158
40.
Cole SR, Hernán MA. Adjusted survival curves with inverse probability weights. Computer
Methods and Programs in Biomedicine. 2004/07/01/ 2004;75(1):45-49.
doi:https://doi.org/10.1016/j.cmpb.2003.10.004
41.
Lipsitch M, Tchetgen Tchetgen E, Cohen T. Negative controls: a tool for detecting confounding
and bias in observational studies. Epidemiology (Cambridge, Mass). 2010;21(3):383-388.
doi:10.1097/EDE.0b013e3181d61eeb
42.
Fu EL, van Diepen M, Xu Y, et al. Pharmacoepidemiology for nephrologists (part 2): potential
biases and how to overcome them. Clinical kidney journal. 2020;14(5):1317-1326.
doi:10.1093/ckj/sfaa242
43.
Chan Y-H, Yeh Y-H, See L-C, et al. Acute Kidney Injury in Asians With Atrial Fibrillation
Treated With Dabigatran or Warfarin. Journal of the American College of Cardiology. 2016/11/29/
2016;68(21):2272-2283. doi:https://doi.org/10.1016/j.jacc.2016.08.063

22

Jo

ur

na

lP

re

-p

ro

of

44.
Hernandez AV, Bradley G, Khan M, et al. Rivaroxaban vs. warfarin and renal outcomes in nonvalvular atrial fibrillation patients with diabetes. European heart journal Quality of care & clinical
outcomes. Oct 1 2020;6(4):301-307. doi:10.1093/ehjqcco/qcz047
45.
Coleman CI, Kreutz R, Sood N, et al. Rivaroxaban's Impact on Renal Decline in Patients With
Nonvalvular Atrial Fibrillation: A US MarketScan Claims Database Analysis. Clinical and applied
thrombosis/hemostasis : official journal of the International Academy of Clinical and Applied
Thrombosis/Hemostasis. Jan-Dec 2019;25:1076029619868535. doi:10.1177/1076029619868535
46.
Pastori D, Ettorre E, Lip GYH, et al. Association of different oral anticoagulants use with renal
function worsening in patients with atrial fibrillation: A multicentre cohort study. British journal of
clinical pharmacology. 2020;86(12):2455-2463. doi:https://doi.org/10.1111/bcp.14350
47.
Yao X, Tangri N, Gersh BJ, et al. Renal Outcomes in Anticoagulated Patients With Atrial
Fibrillation. Journal of the American College of Cardiology. 2017/11/28/ 2017;70(21):2621-2632.
doi:https://doi.org/10.1016/j.jacc.2017.09.1087
48.
Wetmore JB, Yan H, Herzog CA, Weinhandl E, Reyes JL, Roetker NS. CKD Progression in Medicare
Beneficiaries With Nonvalvular Atrial Fibrillation Treated With Apixaban Versus Warfarin. American
Journal of Kidney Diseases. 2021/08/01/ 2021;78(2):180-189.e1.
doi:https://doi.org/10.1053/j.ajkd.2020.12.004
49.
Gasparini A, Evans M, Coresh J, et al. Prevalence and recognition of chronic kidney disease in
Stockholm healthcare. Nephrology Dialysis Transplantation. 2016;31(12):2086-2094.
doi:10.1093/ndt/gfw354
50.
Plantinga LC, Boulware L, Coresh J, et al. Patient awareness of chronic kidney disease: Trends
and predictors. Archives of Internal Medicine. 2008;168(20):2268-2275.
doi:10.1001/archinte.168.20.2268
51.
Zee J, Mansfield S, Mariani LH, Gillespie BW. Using All Longitudinal Data to Define Time to
Specified Percentages of Estimated GFR Decline: A Simulation Study. American Journal of Kidney
Diseases. 2019/01/01/ 2019;73(1):82-89. doi:https://doi.org/10.1053/j.ajkd.2018.07.009
52.
Shin JI, Secora A, Alexander GC, et al. Risks and Benefits of Direct Oral Anticoagulants across the
Spectrum of GFR among Incident and Prevalent Patients with Atrial Fibrillation. Clin J Am Soc Nephrol.
Aug 7 2018;13(8):1144-1152. doi:10.2215/cjn.13811217
53.
Chan Y-H, Yeh Y-H, Hsieh M-Y, et al. The risk of acute kidney injury in Asians treated with
apixaban, rivaroxaban, dabigatran, or warfarin for non-valvular atrial fibrillation: A nationwide cohort
study in Taiwan. International Journal of Cardiology. 2018/08/15/ 2018;265:83-89.
doi:https://doi.org/10.1016/j.ijcard.2018.02.075
54.
Harel Z, McArthur E, Jeyakumar N, et al. The Risk of Acute Kidney Injury with Oral Anticoagulants
in Elderly Adults with Atrial Fibrillation. Clinical Journal of the American Society of Nephrology.
2021;16(10):1470. doi:10.2215/CJN.05920421
55.
Ashley J, McArthur E, Bota S, et al. Risk of Cardiovascular Events and Mortality Among Elderly
Patients With Reduced GFR Receiving Direct Oral Anticoagulants. American Journal of Kidney Diseases.
2020/09/01/ 2020;76(3):311-320. doi:https://doi.org/10.1053/j.ajkd.2020.02.446
56.
Kimachi M, Furukawa TA, Kimachi K, Goto Y, Fukuma S, Fukuhara S. Direct oral anticoagulants
versus warfarin for preventing stroke and systemic embolic events among atrial fibrillation patients with
chronic kidney disease. Cochrane Database of Systematic Reviews.
2017;(11)doi:10.1002/14651858.CD011373.pub2
57.
Ha JT, Neuen BL, Cheng LP, et al. Benefits and Harms of Oral Anticoagulant Therapy in Chronic
Kidney Disease: A Systematic Review and Meta-analysis. Ann Intern Med. Aug 6 2019;171(3):181-189.
doi:10.7326/m19-0087

23

Jo

ur

na

lP

re

-p

ro

of

58.
Yao X, Inselman JW, Ross JS, et al. Comparative Effectiveness and Safety of Oral Anticoagulants
Across Kidney Function in Patients With Atrial Fibrillation. Circulation: Cardiovascular Quality and
Outcomes. 2020;13(10):e006515. doi:doi:10.1161/CIRCOUTCOMES.120.006515
59.
Forslund T, Wettermark B, Andersen M, Hjemdahl P. Stroke and bleeding with non-vitamin K
antagonist oral anticoagulant or warfarin treatment in patients with non-valvular atrial fibrillation: a
population-based cohort study. Europace : European pacing, arrhythmias, and cardiac electrophysiology
: journal of the working groups on cardiac pacing, arrhythmias, and cardiac cellular electrophysiology of
the European Society of Cardiology. Mar 1 2018;20(3):420-428. doi:10.1093/europace/euw416
60.
Wallentin L, Yusuf S, Ezekowitz MD, et al. Efficacy and safety of dabigatran compared with
warfarin at different levels of international normalised ratio control for stroke prevention in atrial
fibrillation: an analysis of the RE-LY trial. Lancet. Sep 18 2010;376(9745):975-83. doi:10.1016/s01406736(10)61194-4
61.
Wallentin L, Lopes RD, Hanna M, et al. Efficacy and safety of apixaban compared with warfarin
at different levels of predicted international normalized ratio control for stroke prevention in atrial
fibrillation. Circulation. Jun 4 2013;127(22):2166-76. doi:10.1161/circulationaha.112.142158
62.
Szummer K, Gasparini A, Eliasson S, et al. Time in Therapeutic Range and Outcomes After
Warfarin Initiation in Newly Diagnosed Atrial Fibrillation Patients With Renal Dysfunction. J Am Heart
Assoc. Mar 1 2017;6(3)doi:10.1161/jaha.116.004925
63.
Vandenbroucke JP. Observational research, randomised trials, and two views of medical science.
PLoS Med. Mar 11 2008;5(3):e67. doi:10.1371/journal.pmed.0050067
64.
Vandenbroucke JP. When are observational studies as credible as randomised trials? Lancet.
May 22 2004;363(9422):1728-31. doi:10.1016/S0140-6736(04)16261-2

24

Jo

ur

na

lP

re

-p

ro

of

Table 1. Baseline characteristics of the patients initiating oral anticoagulants in Stockholm
between 2011 and 2018, overall and stratified by initial treatment group.
Overall
DOAC
VKA
(N = 32,699)
(N = 18,323)
(N = 14,376)
Age (years), median (IQR)
75 [68, 83]
75 [68, 83]
76 [68, 83]
Age category (years)
<75
15,336 (47%)
8742 (48%)
6594 (46%)
≥75
17,363 (53%)
9581 (52%)
7782 (54%)
Women, N (%)
14,816 (45%)
8399 (45%)
6417 (45%)
Access to health care in the
previous year, median
(IQR)
Primary care visits
5 [2, 8]
4 [2, 8]
5 [2, 8]
Outpatient visits
3 [1, 6]
3 [1, 7]
2 [1, 5]
Issued ICD-10 codes
15 [8, 27]
16 [8, 29]
15 [8, 26]
Procedures
4 [1, 10]
4 [1, 11]
3 [1, 8]
Education, N (%)
Compulsory
8730 (27%)
4530 (25%)
4200 (29%)
Secondary
12,951 (40%)
7213 (39%)
5738 (40%)
University
10,385 (32%)
6256 (34%)
4129 (29%)
Missing
633 (2%)
324 (2%)
309 (2%)
2
eGFR (ml/min/1.73m ),
73 [59, 85]
74 [60, 85]
72 [57, 85]
median (IQR)
eGFR category
(ml/min/1.73m2), N (%)
15-29
670 (2%)
189 (1%)
481 (3%)
30-59
8078 (25%)
4300 (24%)
3778 (26%)
≥60
23,951 (73%)
13,834 (75%)
10,117 (71%)
Medical history, N (%)
Hypertension
23,621 (72%)
13,156 (72%)
10,465 (73%)
Vascular disease
9714 (30%)
4896 (27%)
4818 (33%)
Cancer
8519 (26%)
4994 (27%)
3525 (24%)
Congestive heart failure/LV
8089 (25%)
4071 (22%)
4018 (28%)
dysfunction
Heart failure
7975 (24%)
3999 (22%)
3976 (28%)
Diabetes
6906 (21%)
3723 (20%)
3183 (22%)
Stroke, TIA or embolism
6709 (20%)
3649 (20%)
3060 (21%)
Anemia
5693 (17%)
3203 (17%)
2490 (17%)

25

2632 (14%)
2366 (13%)
2293 (12%)
2133 (12%)
2058 (11%)
1648 (9%)
1322 (7%)
1307 (7%)
1225 (7%)
1180 (6%)
904 (5%)

ro

of

4845 (15%)
4887 (15%)
4473 (14%)
3576 (11%)
3566 (11%)
3140 (10%)
2641 (8%)
2323 (7%)
2329 (7%)
1964 (6%)
1761 (5%)

26,174 (80%)
18,248 (56%)
14,538 (44%)
11,911 (36%)
11,240 (34%)
10,018 (31%)
7946 (24%)
4152 (13%)
3925 (12%)
4078 (12%)
3468 (11%)
3020 (9%)
2687 (8%)
2143 (7%)
2095 (6%)
849 (3%)
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639 (4%)
391 (3%)
298 (2%)

3 [2, 4]
5 [3, 7]
2 [2, 3]

3 [2, 5]
5 [3, 7]
3 [2, 3]

14,485 (79%)
10,005 (55%)
7106 (39%)
6339 (35%)
5607 (31%)
5539 (30%)
4396 (24%)
2263 (12%)
2348 (13%)
1810 (10%)
1897 (10%)
1712 (9%)
1280 (7%)
1032 (6%)
1008 (5%)
403 (2%)

11,689 (81%)
8243 (57%)
7432 (52%)
5572 (39%)
5633 (39%)
4479 (31%)
3550 (25%)
1889 (13%)
1577 (11%)
2268 (16%)
1571 (11%)
1308 (9%)
1407 (10%)
1111 (8%)
1087 (8%)
446 (3%)
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3 [2, 5]
5 [3, 7]
2 [2, 3]
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2213 (15%)
2521 (17%)
2180 (15%)
1443 (10%)
1508 (10%)
1492 (10%)
1319 (9%)
1016 (7%)
1104 (8%)
784 (5%)
857 (6%)

1129 (6%)
499 (3%)
428 (2%)

-p

1768 (5%)
890 (3%)
726 (2%)

na

Stroke
Myocardial infarction
Diabetic complications
Prior bleeding
COPD
Venous thromboembolism
PCI
Rheumatoid arthritis
Renal disease
Fracture
DVT or knee/hip
replacement
Alcohol abuse
AKI
Liver disease
Risk score, median (IQR)
CHA2DS2-VASc
Modified-CHADS2
HAS-BLED
Concomitant medications,
N (%)
Beta blocker
RAAS inhibitor
Aspirin
Statin
Diuretic
Calcium channel blocker
PPI
NSAID
Antidepressant
Nitrate
Oral antidiabetic drug
Corticosteroids
Digoxin
Clopidogrel
Insulin
Other antiplatelet
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Calendar year of initiation,
N (%)
2011-2014
15,130 (46%)
3472 (19%)
11,658 (81%)
2015-2018
17,569 (54%)
14,851 (81%)
2718 (19%)
Abbreviations: DOAC, direct oral anticoagulant; VKA, vitamin K antagonist; eGFR, estimated
glomerular filtration rate; TIA, transient ischemic attack, LV, left ventricular; COPD, chronic
obstructive pulmonary disease; DVT, deep vein thrombosis; PCI, percutaneous coronary
intervention; NSAID, non-steroidal anti-inflammatory drug; RAAS, renin-angiotensinaldosterone system; PPI, proton pump inhibitors
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Table 2. Number of events, incidence rates and adjusted hazard ratios for the association
between DOAC vs. VKA initiation and outcomes.
VKA:
DOAC:
No of Events
No of Events
(IR/ 1000
(IR/1000
Adjusted HR DOAC
person-years)* person-years)* vs. VKA (95% CI)**
Kidney outcomes
CKD progression
2244 (36.3)
1208 (30.4)
0.87 (0.78-0.98)
Sustained 30% eGFR
2205 (35.7)
1202 (30.3)
0.88 (0.78-0.98)
decline
Kidney Failure
196 (3.0)
42 (1.0)
0.43 (0.25-0.73)
AKI
3277 (54.5)
1825 (46.7)
0.88 (0.80-0.97)
Cardiovascular outcomes
Composite of stroke or
1118 (15.3)
734 (13.3)
0.93 (0.78-1.11)
systemic embolism
Ischemic stroke
991 (13.2)
658 (11.9)
0.88 (0.73-1.06)
Bleeding outcomes
Major bleeding
1414 (19.5)
808 (14.7)
0.77 (0.67-0.89)
Intracranial bleeding
635 (8.5)
316 (5.6)
0.59 (0.47-0.75)
Gastrointestinal bleeding
615 (8.3)
398 (7.1)
0.96 (0.79-1.17)
Other bleeding
311 (4.2)
170 (3.0)
0.88 (0.66-1.18)
Mortality
All-cause mortality
4842 (64.1)
3222 (57.1)
1.04 (0.95-1.14)
CV death
2351 (31.1)
1467 (26.0)
0.99 (0.84-1.17)
Abbreviations: VKA, vitamin K antagonist; DOAC, direct oral anticoagulants; IR, incidence
rate; HR, hazard ratio; CI, confidence interval; eGFR, estimated glomerular filtration rate; AKI,
acute kidney injury; CV, cardiovascular
Follow-up, median (interquartile range): kidney outcome 3.0 (1.4-5.0), all others 3.8 (2.1-5.8)
*
Number of events, incidence rates were calculated in the original, unweighted population.
**
Analyses were adjusted for the following 50 variables: age, sex, calendar year, numbers of
primary healthcare visits, numbers of outpatient specialist visits, numbers of diagnoses issued,
numbers of procedure codes, education, estimate glomerular filtration rate, hypertension, anemia,
liver disease, renal disease, alcohol abuse, prior bleeding, stroke/transient ischemic
stroke/embolism, stroke, myocardial infarction, heart failure, congestive heart failure, vascular
disease, chronic obstructive pulmonary disease, rheumatoid arthritis, diabetes, diabetic
complications, cancer, deep vein thrombosis, knee/hip surgery, percutaneous coronary
intervention, venous thromboembolism, fracture, risk scores (CHA2DS2-VASc, modified
CHADS2, HAS-BLED), concomitant use of: aspirin, clopidogrel, non-steroidal antiinflammatory drugs, other antiplatelet, corticosteroids, diuretics, beta blockers, calcium channel
blockers, renin-angiotensin-aldosterone-system inhibitors, statin, insulin, other antidiabetic
medications, antidepressants, digoxin, nitrate, proton-pump inhibitors using inverse probability
of treatment weighting.
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Figure 1. Weighted cumulative incidence curves for (A) CKD progression and (B) AKI by
DOAC or VKA initiation. Shaded areas represent 95% confidence intervals.
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