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Abstract
Background—Warfarin, a drug primarily metabolized by the cytochrome P450 system, is initiated
at similar doses and managed similarly in patients with kidney impairment as in the general medical
population. Unfortunately, few data exist to guide dose adjustment in patients with reduced kidney
function. Herein we determine the degree of warfarin dose reduction associated with kidney
impairment and make recommendations for warfarin dosing.

Study Design—Cross-sectional analysis.

Setting & Participants—Chronic warfarin users followed at anticoagulation clinics (n=980); 708
participants from the University of Alabama (UAB) and 272 participants from the University of
Chicago (UIC).

Predictor—No/mild (eGFR≥60ml/min/1.73 m2), moderate (eGFR=30–59ml/min/1.73 m2) and
severe (eGFR<30ml/min/1.73 m2) kidney impairment, CYP2C9 and VKORC1 genotype, age, race,
gender, body mass, socio-demographic factors, smoking status, alcohol, vitamin K intake, comorbid
conditions (e.g. CHF, etc.) and drug interactions (e.g. amiodarone, statins, etc.).

Outcome & Measurement—Warfarin dose (mg/day) was evaluated using linear regression after
adjustment for clinical demographic and genetic factors.

Results—The prevalence of moderate kidney impairment (31.8% and 27.6%) and severe kidney
impairment (8.9% and 6.6%) was similar in the UAB and UIC cohorts. Warfarin dose requirements
were significantly lower in patients with moderate and severe kidney impairment compared to those
with none/mild kidney impairment in the UAB (p<0.001) and UIC (p<0.001) cohorts. Compared to
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patients with no/mild kidney impairment, patients with moderate kidney impairment required 9.5%
lower doses (p<0.001) and patients with severe kidney impairment required 19% lower doses
(p<0.001).

Limitations—No measurement of warfarin, serum albumin, vitamin K and clotting factor levels,
no evaluation of other markers (e.g. cystatin).

Conclusion—Moderate and severe kidney impairment were associated with a reduction in warfarin
dose requirements.
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Chronic kidney disease (CKD) has emerged as a major public health concern, with about 26
million adults affected in the US.1, 2 These patients are at a substantially increased risk of
cardiovascular disease, anemia, and bone disease, and require multiple drugs to treat these
complications.3–7 Not surprisingly, drugs with primarily renal excretion require substantial
dose reductions in patients with kidney impairment. However, even among drugs eliminated
primarily by metabolism or non-renal transport, 25% have a ~two-fold increase in area-under-
the-curve in patients with severe kidney impairment, requiring significant dose reductions.8
Although the mechanisms of altered pharmacokinetics in kidney impairment are not well
understood, animal studies suggest down-regulation of various cytochrome (CYP) enzymes
and transporters, thereby influencing the response to drugs with primarily non-renal clearance.
9–11

Warfarin, the most commonly prescribed oral-anticoagulant, exhibits large inter-patient
variability in dose requirements.12, 13 Initiation and maintenance of therapy is challenging due
to the multitude of factors (diet, medications, genetics, etc.) that influence warfarin
pharmacokinetics and pharmacodynamics.12 Although clinicians recognize that
anticoagulation management is even more challenging among patients with kidney
impairment, warfarin therapy is initiated at similar doses and managed similarly in patients
with kidney impairment as in the general medical population.14–16 Unfortunately, few
published data exist to guide dose adjustments in patients with reduced kidney function. We
recently reported that patients with reduced kidney function require lower warfarin doses, even
after adjustment for clinical and genetic factors known to affect warfarin metabolism. These
observations suggest that warfarin may need to be instituted at a lower dose in patients with
moderate or severe kidney impairment, as compared to those with mild/no kidney impairment.
17

This secondary cross-sectional analysis assesses the degree of warfarin dose reduction
associated with moderate or severe kidney impairment in two independent cohorts and derives
recommendations for warfarin dosing in patients with kidney impairment.

Methods
Cohorts

University of Alabama at Birmingham (UAB) cohort—The Pharmacogenetic
Optimization of Anticoagulation Therapy (POAT) and the Genetic and Environmental
Determinants of Warfarin (GEDWR) are ongoing prospective cohort studies aimed at defining
the influence of polymorphisms in CYP2C9 and other genes on warfarin response. Patients
≥20 years of age were considered eligible if the intended duration of anticoagulation therapy
was ≥ 2 years, therapy was managed at the anticoagulation clinic and the INR was 2–3. The
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study was conducted under the approval of the Institutional Review Boards of the University
of Alabama at Birmingham and Jefferson County Health System.

University of Illinois in Chicago (UIC) cohort—The UIC cohort comprised of
participants ≥18 years of age who achieved stable warfarin dosing, defined as the dose that
produced stable anticoagulation (INR within 0.2 units of the therapeutic range) for at least 3
consecutive clinic visits. The patients were recruited at the University of Illinois at Chicago
(UIC) under the approval of the Institutional Review Board. Patients with a documented history
of liver dysfunction or amiotransferase levels at least twice the upper limit of normal were
excluded.

Data Collection
A detailed history documented clinical information including self-reported race, age, height
and weight, serum urea nitrogen (SUN), serum creatinine (SCr), warfarin dose, INR, indication
for therapy, co-morbid conditions, medications, smoking, alcohol use as detailed in recent
publications.18, 19 Concurrent therapy with medications such as non-steroidal anti-
inflammatory drugs (NSAIDs) or antiplatelet agents or drugs that alter warfarin
pharmacokinetics including CYP2C9 inhibitors (e.g. amiodarone), CYP2C9 inducers (e.g.
rifampin), or CYP2C9 substrates (e.g. losartan) 20, 21 were documented. Both cohorts
documented information on clinical, demographic and genetic factors in a similar fashion.

Kidney function
The glomerular filtration rate (eGFR) was estimated by using the 4-variable MDRD Study
equation.22 Patients were categorized into 3 groups based on eGFR as recommended by the
National Kidney Foundation. Patients with eGFR ≥60 ml/min/1.73 m2 were categorized as
having no/mild kidney impairment, those with eGFR =30–59 ml/min/1.73 m2 were categorized
as having moderate kidney impairment and those with eGFR <30 ml/min/1.73 m2 were
categorized as having severe kidney impairment. Patients receiving maintenance dialysis were
categorized as having severe kidney impairment.23, 24

CYP2C9 and VKORC1 Genotypes
Genotypes were determined using PCR-RFLP (polymerase chain reaction– restriction
fragment length polymorphism) analysis, pyrosequencing, and iPLEX technology (a single-
base extension multiplex PCR assay with mass spectrometric readout from Sequenom Inc
[www.sequenom.com], and performed at the Broad Institute [Cambridge, MA]) from DNA
extracted from whole blood or buccal cells as detailed in recent manuscripts.19, 25, 26

Specifically, in the CYP2CP gene, we assessed the single-nucleotide polymorphisms (SNPs)
with reference SNP (rs) identification numbers rs1799853, rs1057910, rs28371686,
rs9332131, and rs28371685. These correspond to CYP2C9 alleles *2, *3, *5, *6, and *11,
respectively, which are polymorphisms 430C/T, 1075A/C, 1080C/G, 818delA, and 1003C/T
in the CYP2C9 cDNA. In the VKORC1 gene (which encodes vitamin K epoxide reductase
complex, subunit 1), we assessed SNPs −1639G>A (rs9923231) and 1173C/T(rs9934438).

Outcome Definitions and Statistical Methods
Analysis of variance was used to assess group differences for continuous variables and χ2 test
of independence for categorical variables. The assumption of Hardy-Weinberg equilibrium
was tested using the χ2 test of independence.

Warfarin dosewas defined as the average mainte nance dose required to maintain therapeutic
anticoagulation for the duration of therapy (UAB cohort) or the dose that produced stable
anticoagulation for at least 3 consecutive clinic visits (UIC cohort). To improve model fit and
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limit heteroscedascity, we used a logarithmic transformation of warfarin dose. Evaluation of
the effects of individual predictor variables on warfarin dose employed both univariate and
multivariable linear regression.

Linear-regression analysis was conducted to assess the influence of CKD, CYP2C9 and
VKORC1 genotype, age, race, gender, body mass, socio-demographic factors, smoking status,
alcohol, vitamin K intake, comorbid conditions (e.g. CHF, etc.) and drug interactions
(amiodarone and statins). Backward elimination technique was used to select influential
predictors (p<0.2). CYP2C9 and VKORC1 genotypes were assessed in both additive and
dominant models. To assess model fit, we examined residuals, and median prediction error
(mg/day). The influence of predictor variables was determined in the UAB cohort and UIC
cohorts separately and then combined the two data sets to perform analysis (as described above)
to provide robust estimates of the influence of genetic and clinical predictors. All analyses were
performed using SAS version 9.1 (SAS Institute, www.sas.com) at a non-directional alpha
level of 0.05.

Results
Of the 797 eligible participants at the University of Alabama at Birmingham (UAB cohort),
76 participants (9.5%) declined participation in the study, and thirteen were excluded due to
missing serum creatinine values. The remaining 708 participants (mean age 61±15 years,
50.0% men) comprised the UAB cohort (327 African Americans, 377 European Americans, 3
Hispanic and 1 Asian). Of the 303 eligible participants at UIC, 31 (10.2%) declined
participation. The UIC cohort (n=272) was comprised of 207 African Americans, 23 European
Americans, 42 Hispanic participants (mean age 56±16 years, 25.7% men).

Clinical, demographic and genetic characteristics for participants are presented in Table 1.
Genotype distributions for CYP2C9 and VKORC1 were in within each race group (all p-values
>0.2). As reported previously, European Americans had a higher frequency of variant
CYP2C9 (35.4%) and VKORC1 1173 (59.7%)genotypes as compared to African Americans
(11.2% and 18.4%, respectively <0.001). Genotype frequencies did not differ across GFR
categories (Table 1).

Estimation of kidney function based on eGFR categorized the majority of UAB and UIC
participants (59.3% and 65.8%) as no/mild kidney impairment, 31.8% and 27.6% as moderate
kidney impairment, and 8.9% and 6.6% as severe kidney impairment, respectively. The
distribution of kidney impairment categories did not differ across the UAB and UIC cohorts
(Table 1, p=0.2). Decreased kidney function was associated with lower dose requirements
among participants of the UAB and UIC cohorts (Figure 1). Warfarin dose requirements were
significantly lower in patients with moderate (p<0.001) and severe (p<0.001) kidney
impairment compared to those with none/mild kidney impairment.

This association remained significant after adjustment for clinical and genetic factors. Among
participants of the UAB cohort, moderate kidney impairment was associated with a 10.9%
(95% CI: 4.2%–17.1%) and severe kidney impairment was associated with a 21.3% (95% CI,
11.9%–29.6%) decrease in warfarin dose requirements. This kidney impairment-warfarin dose
association was consistent in the UIC cohort. Among participants of the UIC cohort, moderate
kidney impairment was associated with a 7.2% (95% CI, 2.6%–13.7%) and severe kidney
impairment was associated with a 13.9% (95% CI, 5.1%–25.5%) decrease in warfarin dose
requirements (p=0.04).

In the combined UAB-UIC cohort, alcohol (p=0.1), concomitant use of statins (p=0.9), current
smoking (p=0.6), gender (p=0.4), race (p=0.2) and site (UAB vs. UIC, p=0.5) did not have a
significant influence on warfarin dose. Table 2 displays dose requirements and percent dose-
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changes accounted for by significant clinical and genetic predictors. As compared to patients
with no/mild kidney impairment, patients with moderate kidney impairment required 9.5%
lower doses (p<0.001) and patients with severe kidney impairment required 19.1% lower doses
(p<0.001). Reduced kidney function, was associated with lower warfarin dose requirements
independently of CYP2C9 and VKORC1 genotype and clinical factors. In the combined cohort
(Table 3), incorporation of kidney function improved prediction of the variance in warfarin
dose requirements (F2,966=16.7; p<0.001) over that explained by other clinical variables only.
Consistent with previous reports, incorporation of CYP2C9 and VKORC1 genotypes
significantly improved prediction and decreased mean prediction error (F2,834=83.3; p<0.001).

Discussion
The influence of kidney function on disposition of drugs excreted by the kidney is widely
recognized, and used to derive dosing reductions in patients with kidney impairment. However,
there is now an increasing appreciation that kidney impairment can also reduce non-renal
clearance and alter the bioavailability of and response to drugs predominantly metabolized by
the liver.8, 24 The current study demonstrates that dose requirement for warfarin, a drug
primarily metabolized by the hepatic cytochrome P450 system, is influenced by kidney
function. Patients with moderate and severe kidney impairment require lower (~10% and 20%,
respectively) warfarin doses compared to those with none/mild kidney impairment. To our
knowledge, this is the first report that provides guidance on warfarin dose adjustments in
patients with impaired kidney function.

Animal studies in end-stage-renal-disease (ESRD) have shown a significant down-regulation
(40–85%) of hepatic cytochrome P450 metabolism.27, 28 Invitro-invivo correlations in human
subjects have also demonstrated a substantial decrease in non-renal clearance and increase in
the area under the curve 8, 29, 30 of hepatically cleared drugs. These findings are corroborated
by clinical data demonstrating significantly higher systemic exposure of hepatically cleared
drugs at equivalent doses among patients with kidney impairment and may at least partially
account for the high rates of drug toxicity in this population.8, 30 Experience with rosuvastatin
and telithromycin highlight that dosing adjustments are warranted in spite of a drug’s non-renal
route of elimination.24 Most of these data are derived from observational studies and post-
marketing analysis as patients with severe kidney impairment are routinely excluded from (or
underrepresented in) randomized clinical trials.31–34 Thus, observational studies are valuable
in optimizing drug therapy management in the patients with kidney impairment.

In plasma, the ratio of the warfarin enantiomers (S)-warfarin and (R)-warfarin (ie, the warfarin
S/R ratio) offers a convenient in vivo probe for monitoring relative changes in CYP2C9 activity,
because (S)-warfarin is metabolized almost exclusively by CYP2C9 whereas (R)-warfarin is
metabolized by multiple CYP and non-CYP pathways.35, 36 Utilizing this approach, Dreisbach
et al14 demonstrated a 50% increase in the plasma warfarin S/R ratio among ESRD patients
compared to those without ESRD after accounting for CYP2C9 genotype, providing supportive
evidence of decrease in hepatic CYP2C9 activity in kidney failure. This may explain why
patients with reduced kidney function require lower warfarin doses. We previously showed
the 2.5-fold higher risk of hemorrhage among warfarin users with severe kidney impairment
after accounting for genetic and clinical factors.17 The current study demonstrates that both
moderate and severe kidney impairment is associated with significantly lower warfarin dose
requirements in order to maintain therapeutic anticoagulation.

The current FDA recommendations suggest kidney function staging can be based on
eGFR22 or CCr,37 but, ideally, adjustments should be provided for both methods of staging.
24 Historically creatinine clearance (CCr) estimated by using the Cockcroft–Gault equation
was widely used as a measurement of kidney function to provide guidance on dosing in patients
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with impaired renal function.37 However, in the past few years the estimated glomerular
filtration rate (eGFR) based on the Modification of Diet in Renal Disease Study (MDRD)
equation 22 has supplanted the CCr as the best overall measure of kidney function 38, 39

Therefore we provide warfarin dose adjustments staging kidney function based on eGFR. The
high prevalence of kidney impairment (34%–40%) in our cohorts of chronic warfarin users
highlights the size of the population that stands to benefit from incorporating kidney function
in dosing decisions. The value of eGFR is further enhanced as it can be easily calculated using
the standardized serum creatinine reported as part of the fluid balance profile which is available
in most patients. Moreover as eGFR reporting is a key component of a public-health strategy
for CKD,40–42 more than 75% of laboratories now reporting eGFR (along with SCr) in the US.
43 This enhances the ease of application of the eGFR in clinical practice, patient care, and
public health.

This study has limitations worth noting. First, the UAB and UIC cohorts did not routinely
collect blood samples for warfarin (enantiomers and metabolites) or albumin concentration
determinations. Thus we could not conduct analysis to understand alterations in albumin
binding and resultant changes in warfarin pharmacokinetics.44 Second, as vitamin K levels or
levels of coagulation factors were not measured we could not evaluate their contribution on
differences in warfarin dosing noted herein. Third, we did not assess other biomarkers, such
as cystatin level45–49 or eGFR calculated using the CKD Epidemiology Collaboration (CKD-
Epi) equation,50 which have demonstrated more accurate prediction of kidney function.
However, the disparity between temporal trends when kidney function is assessed with
different measurements suggests that estimating trends in disease burden remains an open
question.47 Moreover, eGFR is a clinically feasible method of estimating kidney function, and
thus, our data are readily applicable to warfarin dosing decisions.

The significance of these findings is underscored by the increasing (10 to 13% from 1988 to
2004) prevalence of reduced kidney fucntion.1 The prevalence of CKD in persons aged 64
years or older varies from 23.4% to 35.8%.51 The higher kidney impairment prevalence in our
cohort is perhaps explained by the higher cardiovascular comorbidity associated with warfarin
candidacy.4, 5, 52–56 Our racially diverse cohort is representative of the aging population of
warfarin users. Moderate and severe kidney impairment were associated with a reduction in
warfarin dose requirements. The high prevalence of kidney impairment in our cohort highlights
that diminished kidney function may have implications for a larger proportion of warfarin users
than previously estimated. Moreover, as the prevalence of disease (e.g. atrial fibrillation) and
risk factors (e.g. obesity, diabetes) associated with thrombosis increases,57 the use of warfarin
in individuals with reduced kidney function will likely increase as well.

In conclusion, moderate and severe kidney impairment was associated with a reduction in
warfarin dose required to maintain target international normalized ratio (INR). The increasing
prevalence of CKD in the general population and the high prevalence in patients with
cardiovascular morbidity suggests that diminished kidney function may have implications for
a larger proportion of warfarin users than previously estimated.
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Figure 1. Influence of kidney function on warfarin dose requirements
Average warfarin dose by stratified by cohort. UAB denotes cohort of participants from the
University of Alabama at Birmingham. UIC denotes participants from the University of Illinois
in Chicago. The combined cohort includes participants from UAB and UIC. Patients eGFR
≥60 were categorized as having no/mild kidney impairment, those with eGFR =30–59 were
categorized as having moderate kidney impairment and those with eGFR <30 ml/min/1.73
m2 were categorized as having severe kidney impairment. Patients receiving maintenance
dialysis were categorized as having severe kidney impairment.
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Table 1

Baseline cohort characteristics by level of kidney function

eGFR ≥ 60 (n=599) eGFR 30–≤59 (n=300) eGFR <30 (n=81) P

Age (years) 56.8 ±15.7 66.3 ± 13.4 56.9 ± 15.3 <0.001

BMI (kg/m2) 31.2 ± 8.5 30.1 ± 7.7 30.2 ± 6.3 0.3

Height (in inches) 67.2 ± 4.1 66.2 ± 4.1 66.9 ± 3.9 0.07

Weight (in lbs) 199.9 ± 55.1 190 ± 80.9 193.1 ± 47.1 0.1

Ideal Body Weight (kg) 61.2 ± 11.3 62.5 ± 11.0 63.3 ± 10.4 0.09

Warfarin dose (mg/day) 6.1 ± 2.6 5.0 ± 2.2 4.6 ± 1.9 <0.001

Serum urea nitrogen (mg/dl) 13.2 ± 5.0 21.9 ± 11.8 38.2 ± 18.4 <0.001

Serum creatinine (mg/dl) 0.93 ± 0.2 1.37 ± 0.3 5.9 ± 4.1 <0.001

Race <0.001

 European American 219 (36.6%) 156 (52.0%) 22 (27.1%)

 African American 353 (58.9%) 126 (42.0%) 55 (67.9%)

 Hispanic or Asian 27 (4.5%) 18 (6.0%) 4 (0.05%)

Gender 0.4

 Male 269 (44.9%) 120 (40.0%) 35 (43.2%)

 Female 330 (55.1%) 180 (60.0%) 46 (56.8%)

Indication/comorbidities

 Venous thromboembolism 283 (47.1%) 102 (34.0%) 38 (46.9%) <0.001

 Stroke/TIA 108 (18.0%) 51 (16.9%) 7 (8.7%) 0.1

 Atrial Fibrillation 185 (30.8%) 147 (46.7%) 32 (40.0%) <0.001

 Congestive heart failure 88 (14.7%) 78 (26.0%) 20 (24.7%) <0.001

 Coronary artery disease 141 (23.5%) 112 (37.3%) 29 (35.8%) <0.001

 Diabetes mellitus 162 (27.0%) 112 (37.3%) 36 (44.4%) <0.001

 Hypertension 329 (54.9%) 202 (67.3%) 76 (93.8%) <0.001

 Cancer 71 (11.8%) 41 (13.7%) 10 (12.3%) 0.7

Current smokers 84 (14.0%) 30 (10.0%) 15 (18.5%) 0.08

Current alcohol use 175 (29.3%) 70 (23.3%) 10 (12.3%) 0.002

Concurrent amiodarone 33 (5.6%) 33 (11.0%) 8 (9.9%) 0.01

Concurrent statin 241 (40.5%) 135 (45.0%) 40 (49.4%) 0.2

VKORC1 varianta 170 (32.4%) 101 (39.8%) 26 (37.1%) 0.1

CYP2C9 variantb 108 (20.1%) 57 (22.1%) 16 (21.9%) 0.8

Site 0.1

 UAB 420 (70.1%) 225 (75.0%) 63 (77.8%)

 UIC 179 (29.9%) 75 (25.0%) 18 (22.2%)

Note: Values shown are mean ± standard deviation or number (percentage). P-values for continuous variables are based on t-test/Kruskal-Wallis test;
P values for categorical variables based on chi-square test. eGFR (estimated glomerular filtration rate) is based on National Kidney Foundation staging
using the Modification of Diet in Renal Disease Study equation, and is reported in mL/min/1.73 m2 (factor for conversin to mL/s/1.73 m2, ×0.01667).
Patients eGFR ≥60 were categorized as having no/mild kidney impairment, those with eGFR =30–59 as having moderate kidney impairment and
those with eGFR <30 as having severe kidney impairment. Patients receiving maintenance dialysis were categorized as having severe kidney
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impairment. For UAB participants, information missing for SUN (n=3), statin (n=3), amiodarone (n=3), alcohol (n=2). For UIC participants,
information missing for SUN (n=13), statin (n=1), amiodarone (n=1).For UAB participants VKORC1 (n=131) CYP2C9 (n=113) remain to be
determined.

a
VKORC1 variant refers to −1173C>T allele, and includes genotypes TT or CT.

b
CYP2C9 variant genotype includes *2, *3 alleles among European Americans and *2, *3, *5, *6 and *11 alleles among African Americans.

Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration rate; UAB, University of Alabama at Birmingham; UIC, University of
Illinois at Chicago; TIA, transient ischemic attack.
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Table 2

Influence of kidney function, clinical factors, andVKORC1 and CYP2C9 genotype on warfarin dose requirements
in the combined cohort

Warfarin Dosed (mg/d) % Dose Change p value

Referent patienta 7.0 (6.5–7.7)

Variable

 Age (per decade increase over 40) 6.5 (6.0–6.9) −7.2 (−5.6 to −8.7) <0.001

 Weight (per 10 lb increase over 180) 7.0 (6.5–7.7) 1.7 (1.5 to 2.3) <0.001

 Height (per inch increase over 68 inches) 7.0 (6.5–7.7) 1.4 (0.7 to 2.0) <0.001

 Concurrent amiodarone 5.8 (5.0–6.6) −17.2 (−9.1 to −24.5) <0.001

 VKORC1 variantb 5.2 (4.7–5.7) −25.6 (−21.6 to −29.3) <0.001

 CYP2C9 variantc 5.5 (4.7–6.4) −19.9 (−15.0 to −24.6) <0.001

 Moderate kidney impairment (eGFR 30–59) 6.4 (5.5–7.3) −9.5 (−4.4 to −13.6) <0.001

 Severe kidney impairment (eGFR<30) 5.7 (4.8–6.8) −19.1 (−11.4 to −26.1) <0.001

Note: Combined cohort includes University of Alabama at Birmingham and University of Illinois at Chicago participants. Values in parentheses are
95% confidence intervals. eGFR (estimated glomerular filtration rate) is based on National Kidney Foundation staging using the Modification of Diet
in Renal Disease Study equation, and is reported in mL/min/1.73 m2 (factor for conversin to mL/s/1.73 m2, ×0.01667). Patients eGFR >60 were
categorized as having no/mild kidney impairment, those with eGFR =30–59 as having moderate kidney impairment and those with eGFR <30 as
having severe kidney impairment. Patients receiving maintenance dialysis were categorized as having severe kidney impairment.

a
The referent patient is a 40 year old man weighing 180 pounds, 68” tall, with wild-type CYP2C9 and VKORC1 genotype, GFR ≥60, not on current

amiodarone therapy.

b
VKORC1 variant refers to −1173C>T allele, and includes genotypes TT or CT.

c
CYP2C9 variant genotype includes *2, *3 alleles among European Americans and *2, *3, *5, *6 and *11 alleles among African Americans.

Abbreviations: eGFR, estimated glomerular filtration rate.

d
Dose is equal to the exponent of 1.94–0.074 (for each decade of age over 40) + 0.0174 (for each 10 pound increment over 180lbs) + 0.0137 (for each

inch of height over 68”) – 0.188 (if concurrent amiodarone therapy) – 0.222 (if CYP2C9 variant) – 0.295 (if VKORC1 variant) – 0.094 (if eGFR=30–
59) – 0.212 (if eGFR <30).
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Table 3

Dosing accuracy in the combined cohort

Clinical variables1 Clinical + eGFR 2 Clinical + eGFR + Genes3

UAB cohort R2 22.6% 25.2% 37.8%

UIC cohort R2 28.0% 29.0% 42.6%

Combined cohort R2 22.8% 25.3% 38.0%

Note: Combined cohort includes University of Alabama at Birmingham and University of Illinois at Chicago participants. eGFR (estimated glomerular
filtration rate) is based on National Kidney Foundation staging using the Modification of Diet in Renal Disease Study equation. Patients eGFR >60
in mL/min/1.73 m2 were categorized as having no/mild kidney impairment, those with eGFR =30–59 in mL/min/1.73 m2 as having moderate kidney
impairment and those with eGFR <30 in mL/min/1.73 m2 ml/min/1.73 m2 as having severe kidney impairment. Patients receiving maintenance dialysis
were categorized as having severe kidney impairment.

1
Clinical variables include age, gender, race, weight and concurrent amiodarone use

2
Clinical + eGFR includes clinical variables and eGFR category.

3
Clinical + eGFR + genes includes clinical variables, eGFR category and CYP2C9 and VKORC1 genotype (CYP2C9 variant genotype includes *2,

*3 alleles among European Americans and *2, *3, *5, *6 and *11 alleles among African Americans; VKORC1 variant refers to −1173C>T allele, and
includes genotypes TT or CT).
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