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ABSTRACT

The Thai Food and Drug Administration (TFDA) has approved direct oral anticoagulant (DOAC) dosing based on estimated
creatinine clearance, eCrCl (Cockcroft-Gault equation). However, other renal function equations are often used in practice for
patients with kidney disease, leading to potential discrepancies in DOAC dosing recommendations. The actual DOAC dosing
patterns in resource-limited countries remain underreported. This cross-sectional study included patients with renal impair-
ment who were treated at the outpatient department of Siriraj Hospital, Mahidol University, Thailand. Patients received their first
DOAC for atrial fibrillation from January 2019 to December 2022. The primary objective was to evaluate the percentage of DOAC
prescriptions compliant with TFDA guidelines using eCrCl. We also examined dosing agreement when substituting estimated
glomerular filtration rate, eGFR (CKD-EPI) for eCrCl. Patient factors and the incidence of stroke and bleeding over a one-year
follow-up were also assessed. A total of 326 patients and 1587 DOAC prescriptions were analyzed. The mean patient age was
79.1+9.2years, with a mean eGFR of 45.6 + 9.9 mL/min/1.73 m2. TFDA-compliant dosing was observed in 68.2% of prescriptions.
Dose disagreement between eGFR and eCrCl was 45%, with a trend toward overdosing using eGFR. An eGFR of less than 45 mL/
min/1.73 m? was associated with dose discrepancies. Stroke and bleeding incidences were low, with no differences across DOAC
types. While most Thai patients received appropriate DOAC dosing, one-third did not comply with TFDA guidelines. Using

eGFR instead of eCrCl may result in dosing differences, particularly in moderate to severe renal impairment.

1 | Introduction

Elderly patients with chronic kidney disease (CKD) face a sig-
nificantly elevated risk of developing atrial fibrillation (AF)
[1, 2]. Direct oral anticoagulants (DOACs) play a crucial role
in managing AF, particularly for CKD stages 1-4, due to their
improved efficacy and safety advantages [2]. However, optimiz-
ing DOAC dosing in real-world practice remains challenging

because it requires adjustments based on kidney function.
Current product information for all DOACs recommends using
estimated creatinine clearance (eCrCl) by the Cockcroft-Gault
(C-G) equation for dose adjustments. However, the recently
released 2024 Kidney Disease: Improving Global Outcomes
(KDIGO) guidelines propose an alternative approach using es-
timated glomerular filtration rate (eGFR) derived from serum
creatinine for drug dosing [2]. This aligns with the growing use
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Summary

« What is the current knowledge on the topic?
o Direct oral anticoagulants (DOACs) need dosage
adjustments according to kidney function and other
factors.

« What question did this study address?

o The percentage of real DOAC prescribing corre-
sponds to DOAC dosing recommendations followed
by eCrCl (C-G equation). The proposed reasons for
non-compliance with dosing include other renal
equations used (eGFR by CKD-EPI), the degree of
kidney function, and other criteria for DOAC dosing
consideration.

« What does this study add to our knowledge?

o The study of Thai elderly patients with kidney im-
pairment receiving DOACs for AF found that one-
third of DOAC prescriptions did not comply with
Thai FDA labels.

Over-dosing of DOACs might arise from differences
in eGFR (CKD-EPI) and eCrCl (C-G), with the for-
mer being of greater value in patients with moder-
ate kidney impairment. The cut-off eGFR value that
should be recalculated to eCrCl is less than 45mL/
min/1.73m? because it is associated with dose dis-
cordance between renal equations found in our
study.
o Under-dosing of apixaban occurred because most
patients did not meet the patient factor criteria for
drug dosing in the recommendations.

o

« How might this change clinical pharmacology or
translational science?

o Using other renal equations besides the recommen-
dations may not be problematic if patients have
normal kidney function. However, patients with
moderate to severe kidney dysfunction should use
the approved kidney function due to the differences
in dosing between renal equations.

Our study, conducted in a resource-limited country,
still supports renal equations according to product-
approved dosing.

o

of eGFR via the CKD-EPI formula in routine clinical settings
to diagnose and stage CKD [2, 3]. As a result, some healthcare
providers are using auto-reported eGFR (based on CKD-EPI) to
guide DOAC dosing, raising questions about its equivalence to
the standard eCrCl. Inconsistencies in DOAC dosing strategies
can potentially impact both treatment effectiveness and bleed-
ing risks.

Several landmark studies have proven the efficacy of DOACs
for AF patients, conducted in Western countries [4-7]. While
patient characteristics among various populations may influ-
ence AF clinical outcomes, a higher proportion of Asian pa-
tients with AF are very elderly (defined as over 75years) and
have low body weight compared with non-Asian patients [8].
Elderly patients with AF have both stroke and bleeding risks,
which have been found to have a high incidence in Asian
populations [9]. A recent study of the Thai population found
that inappropriate DOAC dosing may pose a risk for throm-
boembolic complications and bleeding if the dosage is too low

or too high, respectively [10]. When estimating kidney func-
tion using some renal equations, such as the Modification of
Diet in Renal Disease (MDRD) [11] or CKD-EPI [12], race is
a contributing factor associated with different values of renal
function estimation. As dosing guidance for DOACs in Asian
patients is still lacking, DOAC dosing studies from specific
Asian populations should be encouraged for better implemen-
tation for Asian patients.

This study aimed to evaluate the proportion of DOAC prescrip-
tions in Thailand that adhere to the dosing recommendations
established by the Thai Food and Drug Administration (TFDA),
which are based on eCrCl. The prevalence of utilizing eGFR
(CKD-EPI) as a surrogate for dosage adjustment in real-world
DOAC prescribing was explored. We also considered the influ-
ence of factors beyond renal function, as outlined by the TFDA
guidelines, on DOAC dosing decisions. The findings from this
study offer a valuable illustration of DOAC prescribing patterns
within a resource-constrained setting. These insights can be ex-
trapolated to other healthcare contexts with similar characteris-
tics, potentially informing the optimization of clinical practice
in such settings.

2 | Materials and Methods
2.1 | Study Setting

Siriraj Hospital is a leading tertiary care, university-affiliated
hospital in Thailand with a multidisciplinary care approach in
the outpatient setting. We captured all DOAC prescriptions re-
gardless of the facility or office location in the outpatient setting.
Our policy requires that when patients have serum creatinine
measured, eGFR by the CKD-EPI equation (2012) is automati-
cally reported, in compliance with recommendations from the
KDIGO guideline [2] and the national Thai CKD guideline [3].

2.2 | Study Design

This cross-sectional study included patients from the outpa-
tient department at Siriraj Hospital, Mahidol University. The
inclusion criteria were: (1) males or females aged >18years,
(2) patients with kidney impairment defined as eGFR <60 mL/
min/1.73m? or those diagnosed with CKD, and (3) patients re-
ceiving their first DOAC for AF between January 1, 2019, and
December 31, 2022. Four DOACs were available in the hospi-
tal during the study period: apixaban, dabigatran, edoxaban,
and rivaroxaban. We excluded patients who were on dialysis
and kidney transplantation at baseline. Patients who did not
have sufficient information to evaluate kidney function within
3months before starting DOAC, or who were lost to follow-up
within 1year after receiving the first DOAC were also excluded
from the study.

The sample size calculation was determined by the formula:
N=[Z%x/2%xP (1-P)]/M?, where Z represents the Z statistic for
a 95% confidence level, P is the proportion of patients who did
not receive appropriate DOAC dosing (0.295 based on a study
by Ting C, et al.) [13], and M is the margin of error (0.05). Based
on this formula, a minimum sample size of 320 patients was
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calculated. To account for potential loss of follow-up, estimated
at 5%, the sample size was adjusted. Therefore, the required
number of patients ranged from 320 to 336 to ensure the robust-
ness of our results despite potential data loss.

2.3 | Ethics Statement

This study protocol was approved by Mahidol University
Multi-Faculty Cooperative IRB Review, Siriraj Institutional
Review Board, Siriraj Hospital, Mahidol University, Thailand
(MU-MOU 874/2565 (IRB4)). The study was also regis-
tered and approved by the Thai Clinical Trials Registry
(TCTR20230703002). This study was solely a retrospective
review of data gathered from electronic medical records based
on routine service. Therefore, formal consent from individual
patients was not required.

2.4 | Data Collection

We administered a structured patient information record to
each study participant to collect demographic data and relevant
clinical history related to DOAC prescribing and medication re-
view. The participant’s clinical information, such as age, gender,
body weight, kidney function (serum creatinine, eGFR), and
complete blood count, was reviewed. Information on DOAC use,
including the name, dosage regimen, and drugs that can inter-
act with DOACs, was collected. The investigators also gathered
details on the participant's history of antithrombotic agents,
NSAID/corticosteroid use, and medications for gastrointestinal
(GI) ulcer prevention based on medical records and medication
databases. Clinical outcomes were evaluated during the fol-
low-up period, including the incidence of stroke and bleeding
noted in the medical charts of the hospital. We thoroughly re-
viewed both outpatient clinic and inpatient hospitalization re-
cords for patients admitted during the study period to identify
and account for any changes in DOAC dosing due to efficacy or
safety concerns.

The primary outcome was the percentage of DOAC dosages
compliant with the TFDA when using creatinine clearance
(eCrCl) by C-G as the kidney function assessment. The for-
mula for the C-G equation was (140—age) X ideal body weight
[IBW]/72x serum creatinine, with a correction factor of 0.85 for
females. We classified the outcomes into three categories: cor-
rect dosing, overdosing, and underdosing. DOAC dosage consid-
erations extend beyond kidney function and include factors such
as age, body weight, and drug interactions, as outlined in each
DOAC's prescribing information. Overdosing was defined as a
prescribed dose exceeding the TFDA recommendation, while
underdosing referred to a dose below the recommended level.
The TFDA-recommended DOAC dosing guidelines are provided
in the Supporting Information [14-17].

We also explored whether other renal equations or potential
factors are associated with not-approved DOAC dosing. The
mean differences in kidney function calculated from eGFR
compared with eCrCl were evaluated. The percentages of
prescribed doses that complied with TFDA when substitut-
ing eGFR with CKD-EPI (mL/min/1.73m?2) and CKD-EPI

non-indexed for BSA (mL/min) for eCrCl were also analyzed
in the study. CKD-EPI was calculated by eGFR=141 X,
(Cr/x,1)* X, (Cr/x,1)71-20° X (0.993%¢%) X 1.018 [if female],
where Cr is serum creatinine in mg/dL, x is 0.7 for females,
0.9 for males, and o is —0.329 for females and — 0.411 for males
[12]. CKD-EPI non-indexed for BSA can be obtained by mul-
tiplying the indexed GFR results by the person's BSA and di-
viding by 1.73 m?2.

Dosing agreement was defined as the eGFR (by CKD-EPI or
CKD-EPI non-indexed for BSA) and the eCrCl recommending
the same DOAC dosing based on TFDA recommendations (e.g.,
both equations recommending full-dose therapy or both equa-
tions recommending dose reduction). Over-dosing was defined
when the eGFR provided a higher dose than the eCrCl equation,
leading to the patient being deemed inappropriately overdosed
based on TFDA recommendations. The reverse was defined as
under-dosing.

The incidence of adverse clinical outcomes, including stroke and
bleeding, was reported during the one-year follow-up after first
DOAC prescribing. Clinical bleeding was classified into two cat-
egories: clinically relevant non-major bleeding and major bleed-
ing, as defined by The International Society of Thrombosis and
Hemostasis (ISTH) [18].

2.5 | Data Analysis

Baseline patient characteristics, information regarding kidney
function, and details on drug therapies were analyzed using de-
scriptive analysis. Continuous data were presented as mean + SD
or median and range. Dichotomous data were presented as rates
and percentages. Differences were examined using the Paired
Samples Test or the Wilcoxon signed-rank test, as appropriate.
A significance level of p<0.05 was used to determine statisti-
cal significance. The 95% confidence interval for percent agree-
ment, over-dosing, and under-dosing was calculated based on
the McNemar-Bowker test. Pre-defined sensitivity analyses were
also conducted to identify the threshold kidney function cut-off
point to define inconsistencies between the standard eCrCl and
eGFR. Data analyses were performed using IBM SPSS Statistics
Version 18.

3 | Results

During the study period, 2588 patients received their first
DOAC from the outpatient department at the investigation
hospital. Among them, 2262 patients were excluded due
to not meeting the pre-defined kidney impairment criteria
(n=1493), insufficient information for the evaluation of kid-
ney function (n=541), loss to follow-up after 1year (n=213),
and patients receiving DOACs for other indications (n=15).
Consequently, 326 patients were included, providing suffi-
cient statistical power for the study, and a total of 1587 DOAC
prescriptions were analyzed during the study period. Most
patients received apixaban (37.1%), followed by rivaroxaban
(25.2%), edoxaban (23.9%), and dabigatran (13.8%), respec-
tively. The study flowchart is presented in Figure 1. The pa-
tients had a mean age of 79.1 +9.2years, with a mean eGFR
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New patients receiving DOAC treated at Siriraj Hospital, Faculty of Medicine,
Mahidol University, from January 1, 2019, to December 31, 2022 (n = 2,588)

Excluded

-Patients with eGFR = 60 mL/min/1.73 m?
or not diagnosed with chronic kidney
disease (n = 1,493)

-Patients with insufficient data to assess

kidney function within 3 months prior to
receiving DOAC (n = 541)

-Unable to follow up on the use of DOAC
within one year after initiation
(n=213)

Included patients (n = 326)

-DOAC for other indications (n = 15)

. v

Apixaban Dabigatran
(n=121) (n =45)

' v

Edoxaban Rivaroxaban
(n=78) (n=82)

FIGURE1 | Flow chart of the study. DOAC =direct oral anticoagulant, eGFR =estimated glomerular filtration rate.

of 45.6 £9.9mL/min/1.73 m?. Most patients had hypertension
and dyslipidemia as their underlying diseases. Approximately
50% of patients had used warfarin before DOAC prescribing,
and 38% of patients received aspirin concomitantly with the
first DOAC use (Table 1).

3.1 | The Prescription of DOACs Complied With
TFDA Recommendation

Of 1587 DOAC prescriptions during the study period, the per-
centage of DOAC dosing according to TFDA was 1083 pre-
scriptions (68.2% of DOAC prescriptions). For prescriptions
not adhering to the recommendations, over-dosing accounted
for 15.8% and under-dosing accounted for 15.9%. When ana-
lyzing DOAC dosing patterns individually, patients receiving
rivaroxaban and dabigatran had the highest adherence to rec-
ommended dosing (79.1% and 77.9%, respectively), followed by
apixaban (63.3%) and edoxaban (57.0%).

For prescriptions not complying with the prescribing infor-
mation, most patients receiving dabigatran (18.5%), edoxaban
(35.2%), and rivaroxaban (10.7%) were overdosed. In con-
trast, most patients receiving apixaban who did not comply
with the prescribing information were underdosed (28.4%)
(Figure 2).

3.2 | Analysis of Renal Function From Various
Equations

When eGFR was categorized by KDIGO classification (CKD-
EPI equation), kidney function calculated from eGFR was sig-
nificantly different from eCrCl. For the category of G1-G2 CKD,
kidney function from eGFR (both CKD-EPI and CKD-EPI non-
indexed for BSA) was significantly lower than that from eCrCl.
In contrast, in the lower stages of KDIGO classification, specif-
ically less than G3a, kidney function values from eGFR (both

CKD-EPI and CKD-EPI non-indexed for BSA) were significantly
higher than those from eCrCl (Table 2).

3.3 | Percentage of Agreement, Over-Dosing,
and Under-Dosing When Compared eGFR to
Standard eCrCl

The agreement between eGFR (CKD-EPI and CKD-EPI non-
indexed for BSA) and eCrCl based on dosing cutoff recom-
mendations by TFDA guidelines is presented in Table 3. The
CKD-EPI and eCrCl were in agreement for 57.0% of DOAC
prescriptions. Dosing according to CKD-EPI, which was
higher than that of eCrCl (over-dosing category), was 39.5%.
Dosing according to CKD-EPI, which was lower than eCrCl
(under-dosing category), was 0.4%. The results for agreement,
over-dosing, and under-dosing categories with CKD-EPI non-
indexed for BSA were nearly identical to those from the CKD-
EPI equation.

In addition, we explored sensitivity analyses to identify the
eGFR cutoff values that lead to differences in dosing categories
between the eGFR and eCrCl equations. The results showed that
an eGFR (CKD-EPI) value of less than 45mL/min/1.73 m? was
associated with differences in the dosage category for DOAC
dosing (p <0.001, Pearson’s Chi-Square test).

3.4 | Subgroup Analysis of Patients Receiving
Apixaban With “Under-Dosing” According to TFDA

For apixaban dosing according to TFDA guidelines, patients
who meet 2 out of 3 criteria (body weight <60kg, serum creati-
nine >1.5mg/dL, and age > 80years) are considered eligible for
low-dose apixaban (2.5mg twice daily). We found that patients
who were inappropriately prescribed low-dose apixaban did not
meet the complete criteria for dose reduction. The majority of
under-dosed patients (38.5%) met only the age criteria, while
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TABLE1 | Baseline characteristics.

Apixaban Dabigatran Edoxaban Rivaroxaban (r;r :?216,
Patient (n=121,37.1%) (n=45,13.8%) (n=78,23.9%) (n=82,25.2%) 100.0%)
Age (year)£SD 80.4+9.0 77.5+11.0 80.8+8.6 76.5+8.2 79.1+9.2
Male (%) 65 (51.6%) 27 (54.0%) 42 (52.5%) 52 (61.2%) 186 (54.5%)
Body weight (kg) £ SD 63.6+14.4 67.3+13.2 62.1+12.3 69.2+12.6 65.2+13.6
Height (cm)+SD 160.1+8.8 161.4£8.6 159.9+9.5 162.7+9.4 160.9+09.1
BMI (kg/m?)+SD 24.8+4.8 25.7+£3.9 24.2+3.6 26.0+£3.7 24.9+4.0
BSA (m?)+SD 1.7+£0.2 1.7+£0.2 1.7+£0.2 1.8+£0.2 1.7+£0.2
Baseline kidney function
Scr (mg/dL) £ SD 1.5+£0.6 1.3+£0.2 1.4+0.3 1.3+£0.3 1.4+0.4
eCrCl (mL/min) £ SD 33.1+11.3 39.6+12.2 34.6+10.0 40.8+10.5 36.4+11.4
eGFR (mL/min/1.73m?)+SD 43.1+10.8 48.9+9.0 44.8+9.8 47.7+10.5 45.6+9.9
eGFR non-indexed for BSA 43.4+12.0 50.4+11.2 44.9+10.8 46.9+9.9 45.6+11.3
(mL/min)+SD
Complete blood count
Hemoglobin (g/dL)+SD 12.2+£2.0 12.5+1.6 12.3+£2.0 12.8+1.8 12.4+19
Platelet (10°/L) +SD 215.4+75.3 222.0+68.8 214.9+72.3 12.8+1.8 215.7+71.4
Underlying disease
Hypertension (%) 108 (89.3%) 43 (95.6%) 63 (80.8%) 72 (87.8%) 286 (87.7%)
Dyslipidemia (%) 83 (68.6%) 30 (66.7%) 50 (64.1%) 59 (72.0%) 222 (68.1%)
Anemia (%) 71 (58.7%) 23 (55.1%) 39 (50.0%) 32(39.0%) 165 (50.6%)
Diabetes mellitus (%) 58 (47.9%) 16 (35.6%) 29 (37.2%) 47 (57.3%) 150 (46.0%)
Coronary artery disease (%) 40 (33.1%) 15 (33.3%) 31 (39.7%) 43 (52.4%) 129 (39.6%)
Heart failure (%) 29 (24.0%) 9 (20.0%) 22 (28.2%) 24 (29.3%) 84 (25.8%)
Cancer (%) 20 (16.5%) 3(6.7%) 11 14.1%) 11 (13.4%) 45 (13.8%)
Hepatic disease (%) 7 (5.8%) 3(6.7%) 5(6.4%) 10 (12.2%) 25 (7.7%)
History of disease
Prior stroke (%) 34(28.1%) 15 (33.3%) 19 (24.4%) 14 (17.1%) 82 (25.2%)
Prior bleeding (%) 3(2.5%) 2 (4.4%) 11 (14.1%) 5(6.1%) 21 (6.4%)
Concomitant drug therapy
Aspirin (%) 40 (33.1%) 19 (42.2%) 31 (39.7%) 35 (42.7%) 125 (38.3%)
P2Y12 inhibitors (%) 19 (15.7%) 11 (24.4%) 8 (10.3%) 18 (22.0%) 56 (17.2%)
Chronic steroid use 4 (3.3%) 1(2.2%) 3(3.8%) 3(3.7%) 11 (3.4%)
(>3 months) (%)
Drugs for gastrointestinal ulcer 41 (33.9%) 18 (40.0%) 30 (38.5%) 21 (25.6%) 110 (33.7%)

prevention (%)

Abbreviations: BMI=body mass index, BSA =body surface area, eCrCl =estimated creatinine clearance (Cockcroft-Gault equation), eGFR =estimated glomerular
filtration rate, Scr =serum creatinine.

16.0% and 12.8% of patients met only the serum creatinine and
body weight criteria, respectively. Notably, 23.5% of patients re-
ceiving apixaban did not meet any of the three criteria for low-
dose apixaban consideration (Figure 3).

3.5 | Clinical Outcomes After One-Year Follow-Up

All patients in the study having non-valvular AF were pre-
scribed DOAC:s for stroke prevention. Eight cases of stroke (2.5%
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FIGURE2 | The appropriateness of DOAC dosing according to Thai-FDA labels.

TABLE 2 | Mean difference between eGFR (CKD-EPI and CKD-EPI non-indexed for BSA) and eCrCl.
KDIGO CrClvs. CKD-EPI ecr'Clc;I . CdKfD-}]:;l;fA
classification eLrtivs. . e¢GFR (CKD-EPI non-indexed for
(mL/ eGFR Mean non-indexed Mean
min/1.73m?) eCrCl (CKD-EPI) difference P for BSA) difference 4]
G1-G2 (> 60) 69.0+10.8 60.2+11.0 8.8+11.2 <0.001 59.2+14.6 9.8+12.7 <0.001
N=59
G3a (45-59) 50.3+3.8 54.6x+7.3 —4.3+7.0 <0.001 53.7+9.3 —-3.5+£8.9 <0.001
N=241
G3b (30-44) 371+£4.2 47.0£7.8 —9.9+79 <0.001 47.4+10.6 -10.3+11.1 <0.001
N=1755
G4 (15-29) 24.3+£3.8 36.5+8.6 —12.2+£7.7 <0.001 38.6x11.5 —14.3+10.9 <0.001
N=489
G5 (<15) 12.1£3.5 20.3x8.2 —8.2x5.7 <0.001 241x11.4 —12.0+9.6 <0.001
N=43

Abbreviations: BSA =body surface area, CKD-EPI= Chronic Kidney Disease Epidemiology Collaboration, eCrCl=estimated creatinine clearance, eGFR =estimated
glomerular filtration rate, G = GFR category, KDIGO =Kidney Disease: Improving Global Outcomes.

of patients) were observed within 1year after initiating DOAC
therapy, across all DOAC types. Five patients experienced ep-
isodes of over-dosing more frequently than correct dosing or
under-dosing, whereas three cases were exposed to on-label
dosing more often than other dosing categories during our ob-
servation period.

Regarding safety outcomes from DOAC use, it was observed
that out of a total of 326 patients using DOACsS, 15 cases (4.6%)
experienced bleeding events within 1year of initiating DOAC
therapy, across all DOAC types. When categorized by the
type of bleeding, major bleeding events occurred in four cases
(1.2%), which were associated with the use of apixaban, dabig-
atran, and edoxaban. Clinically relevant non-major bleeding
events were noted in 11 cases (3.4%), across all DOAC types.
There was no association between clinical outcome events
(both stroke and bleeding) and the dosing categories of cor-
rect dosing, over-dosing, or under-dosing based on TFDA
recommendation.

4 | Discussion

The study of DOAC dosing among various equations in patients
with kidney impairment and the elderly found that the percent-
age of DOAC dosages correctly compliant with TFDA labels
was approximately 70% of prescriptions during the 2019-2022
period. The proportion of over-dosing was around 16%, mainly
found with dabigatran, edoxaban, and rivaroxaban. The dose
discordance when using eGFR versus standard eCrCl was ap-
proximately 40%, with higher eGFR values from the CKD-EPI
equation leading to over-dosing of DOAC usage.

Patients with impaired kidney function are likely to have inap-
propriate DOAC dosing. Leef GU et al. evaluated 5060 patients
with newly diagnosed AF across various degrees of kidney func-
tion. They found that if patients’ eGFR was less than 30mL/
min/1.73m?, the proportion of over-dosing of DOACs increased
[19]. We intended to select patients with CKD to address practical
dosing issues. A previous study of DOAC dosing from Thailand
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TABLE 3 | Dosing agreement between eGFR (CKD-EPI and CKD-EPI non-indexed for BSA) and eCrCl equation.

CKD-EPI vs. eCrCl

eCrCl (mL/min) equation
<30 mL/ 30-50 mL/ >50 mL/
CKD-EPI (mL/min/1.73m?) min/1.73 m? min/1.73 m? min/1.73 m? Interpretation
<30 Prescriptions?® (%) 85 0 0 % Agreement [total of
(7.8%) (0.0%) (0.0%) 1083 prescriptions] 57.0%,
95% CI 53.99-59.97%
30-50 Prescriptions?® (%) 42 438 1 % Over-dosing [total of
(16.6%) (40.4%) (0.4%) 251 prescriptions] 39.5%,
95% CI 33.43-45.82°
>50 Prescriptions® (%) 0 58 95 % Under-dosing [total of
(0.0%) (22.9%) (8.8%) 253 prescriptions] 0.4%,

95% CI 0.01-2.20°

eCrCl (mL/min)

CKD-EPI (non-
indexed for BSA) vs.
eCrCl equation

CKD-EPI non-indexed for BSA <30 mL/ 30-50 mL/ >50 mL/
(mL/min) min/1.73 m? min/1.73 m? min/1.73 m? Interpretation
<30 Prescriptions?® (%) 82 0 0 % Agreement [total of
(7.6%) (0.0%) (0.0%) 1083 prescriptions| 52.7%,
95% CI 49.68-55.71°
30-50 Prescriptions?® (%) 36 416 1 % Over-dosing [total of
(14.2%) (38.4%) (0.4%) 253 prescriptions] 35.6%,
95% CI 29.70-41.84°
>50 Prescriptions?® (%) 4 50 73 % Under-dosing [total of
(1.6%) (19.8%) (6.7%) 251 prescriptions] 0.4%

95% CI 0.01-2.20°

aNumber of prescriptions in each dosing category (green = agreement, yellow = over-dosing, pink = under-dosing).

bMcNemar-Bowker Test.

Other
reasons
(9.1%)

Not age,
creatinine, or
weight (23.5%)

Age only
(38.5%)

Serum Body weight
creatinine only only
(16.0%) (12.8%)

FIGURE3 | Thereasonsfor “Under-dosing” of apixaban prescription.

found that 70% of patients receiving their first DOAC had cor-
rect dosing [10], similar to our study; however, we examined all
DOAC prescriptions during the study period, rather than just
the first prescription. As CKD patients have gradually declining
kidney function or have potential factors constantly affecting
renal estimations, we considered that the information from all
DOAC prescriptions during our two-year cross-sectional study
(a total of 1587 DOAC prescriptions) would provide a more com-
prehensive picture of DOAC prescribing in real practice.

Several studies of DOACs in the majority of AF patients showed
the prevalence of dosing according to eCrCl in the range of
43%-82% [13, 20, 21]. Our findings were quite similar to the
ORBIT-AF 1II trial, an observational study in 1134 patients
with AF and moderate CKD. They found that 66% of patients
were appropriately dosed according to the prescribed eCrCl,
whereas the proportion of under-dosing and over-dosing was
nearly equal (15% and 20%, respectively) [21]. In terms of dose
differences among renal equations, several studies explored the
assumption that using other equations instead of eCrCl would
result in dose discordance in the range of 25%-35% [22-24]. We
found a statistically significant difference in eGFR and eCrCl
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in every range of CKD staging. However, eGFR values in the
range of 30-45mL/min/1.73m? provided 10mL/min higher
than eCrCl, which leads to different dosing suggestions. Our re-
sults were similar to a previous study that found the CKD-EPI
equation significantly overestimated creatinine clearance (mea-
sured CrCl and eCrCl) in elderly individuals (10.3 + 6.9 mL/min,
p<0.001) [25]. Rohla M et al. (2021), who studied DOAC dosing
in AF patients with CKD, also found that the mean difference
(SD) between eCrCl and eGFR (CKD-EPI) was significantly dif-
ferent, with higher values for CKD-EPI in patients with eCrCl
less than the range of 30-44mL/min [24]. Therefore, dosing
suggestions may differ when using alternative renal equations
besides eCrCl in kidney patients, especially those who have a
low degree of kidney function.

When exploring the real situation of replacing eCrCl with
eGFR (CKD-EPI) for dosing purposes, we tested the agreement
and disagreement of DOAC dosing between these equations.
The study found that 57% of prescriptions still recommended
the same dosing regardless of whether eCrCl or CKD-EPI was
used. However, the rest of the prescriptions showed dissimilar
dosing suggestions, with a trend toward a higher dose when
using CKD-EPI (40%). This finding has raised awareness that
patients may be at risk of DOAC overdose when using equa-
tions other than the standard eCrCIl recommendation. Taking
into consideration previous findings that low levels of kidney
function affect estimated kidney function, we conducted a
sensitivity analysis and found that an eGFR cutoff of less than
45mL/min/1.73m? leads to different DOAC dosing in our
study. This key finding can be applied in practice when eGFR
(CKD-EP]) is automatically reported. When patients’ eGFR
is <45mL/min/1.73m?, these patients should be reevaluated
using eCrCl equations for DOAC dosing purposes. However,
this study was based on DOAC prescribing practices specific
to our setting, and additional studies are required to evaluate
the applicability of the eGFR cutoff differences across diverse
clinical settings.

The eGFR from CKD-EPI non-indexed for BSA provides indi-
vidual kidney function by taking patient weight into consider-
ation. Glomerular filtration rate (GFR) is the best overall index
of kidney function, which varies according to age, sex, and body
weight [2]. Drug clearance is more strongly associated with non-
index GFR (mL/min) than indexed GFR (mL/min/1.73m?). The
latest KDIGO 2024 guidelines recommend that in people with
extremes of body weight, eGFR non-indexed for BSA may be
indicated [2]. A recent study of kidney transplant patients with
obesity and a mean eGFR of 59 mL/min found that non-indexed
GFR values accounting for actual BSA should be used for med-
ication dosing [26]. Our included patients had a normal weight
(mean BSA of 1.70m?), corresponding to the general Asian pop-
ulation. Not surprisingly, the results of the dosage agreement
pattern between eCrCl versus CKD-EPI non-indexed for BSA
were quite similar to those versus CKD-EPI equation. However,
ifa drug is used in patients with extremes of body weight, eGFR
based on actual BSA should be performed to adjust dosing
appropriately.

Clinical perspectives for DOAC dosing in elderly patients
with CKD not only consider kidney function but also regard
other attributes associated with changing patient factors.

The study found that the number of underdosing prescrip-
tions for apixaban (28%) was much higher than that of over-
dosing (8%). A lower dose of apixaban (2.5mg twice daily)
is needed in patients who have at least two of the following
criteria: age >80years, body weight <60kg, and serum cre-
atinine >1.5mg/dL. The most common reason for underdos-
ing we found was that patients had incomplete criteria for
dose reduction (e.g., patients who only met the age criteria of
>80years and received low-dose apixaban). An unintentional
dose reduction may pose a thromboembolic risk to patients. In
addition to apixaban, dabigatran and edoxaban also have rec-
ommended dosage adjustments that consider the patient's age,
body weight, in addition to renal function [14-16]. In clinical
practice, pharmacists have an important role in determining
optimal DOAC dosing and detecting drug-related problems.
In patients who have acute illnesses, unstable conditions re-
lated to an increased risk of bleeding, or are receiving drugs
that can interact with DOACs, a reduced DOAC dosage may
be considered. Considering this fact, additional monitoring in
some situations, in addition to guideline dosing, also supports
the safe and efficient use of DOACs.

For clinical outcomes after a one-year follow-up period, we
found a low incidence of stroke (2.5%) and a low incidence of
bleeding events (4.6%). Given the low number of adverse events,
we could not find an association of clinical complications with
the under-dosing or over-dosing groups of patients. As we col-
lected clinical information through patient chart reviews, the in-
cidence of bleeding may be under-reported, especially if patients
experienced non-major bleeding. However, our results provided
similar findings to a previous real-world study of DOACs in the
Thai population, which found the incidence of bleeding in the
range of 5.1%-13.0% [10]. More data are needed for further ap-
plication regarding the clinical impact of DOAC dosing among
various renal equations for non-valvular AF patients.

We acknowledge the limitations of the retrospective analysis
based on the hospital database, which prevented us from ex-
ploring complete epidemiological data or determining the ac-
tual reasons for the observed DOAC dosing. To address this,
we thoroughly reviewed hospitalization records to identify rel-
evant clinical endpoints, including systemic thromboembolic
events and hemorrhagic complications, in both outpatient
and inpatient settings to account for any changes in dosing
during the study period. The dosing definitions were based
on TFDA recommendations, which consider renal function
along with patient-specific factors to account for interindivid-
ual variability and clinical significance. However, the sample
size calculation in our study was not adequately powered to
detect differences in clinical outcomes; therefore, interpreta-
tion should be cautious. The data were obtained from tertiary-
care university hospitals, which limit generalizability to such
settings. Nonetheless, our study can represent hospitals with a
high volume of DOAC prescriptions, revealing prescribing pat-
terns that can be implemented in real-world drug usage. The
obtained data will be considered alongside clinical outcomes to
guide appropriate DOAC use in our university teaching hospi-
tal. This hospital frequently receives referrals from across the
country, encountering a significant number of complex cases.
As aresult, it can represent DOAC usage for Thai patients or in
similar contexts.
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5 | Conclusion

DOAC prescribing complied with Thai FDA-approved labels
in 70% of elderly patients with kidney impairment. The pro-
portions of over-dosing and under-dosing were similar. When
substituting eGFR (CKD-EPI) for eCrCl, we observed a dose
disagreement of 45%, with trends toward a higher dose when
using CKD-EPI equations. A patient's eGFR by CKD-EPI value
of less than 45mL/min/1.73m? may pose a risk of dose dis-
cordance that should be recalculated to the standard eCrCl in
our setting. The incidence of stroke and bleeding was low and
nearly similar across all DOACs during the one-year follow-up
period. Our study, conducted in a resource-limited country,
still supports renal equations according to product-approved
dosing, especially in patients with moderate to severe kidney
impairment.

Author Contributions

S.S. wrote the manuscript, designed the research, performed the re-
search, and analyzed the data; S.C. designed the research, performed
the research, and wrote the manuscript; P.T., R.S., A.L., and N.K. per-
formed the research and analyzed the data; R.C. designed the research;
J.K. designed the research, performed the research, analyzed the data,
wrote the manuscript, and provided supervision.

Acknowledgments

We would like to thank Wipharak Rattanavipanon, Weerawan Leedee,
and Atiya Uman, for assisting with part of the literature review. Part
of this study received the “Best Poster Award 3rd Prize Winner” at the
2023 International Society of Cardiovascular Pharmacotherapy (ISCP)
conference in CONRAD, Seoul, Korea, held from November 23-25,
2023. Part of this study also received the “Oral Presentation Award 2nd
Runner Up” at the Nephrology Society of Thailand Annual Meeting in
Pattaya, Chonburi, Thailand, held from August 2-4, 2024. We would
like to acknowledge the English language editing service provided by
ChatGPT.

Conflicts of Interest

The authors declare no conflicts of interest.

References

1. S. Kumar, E. Lim, A. Covic, et al., “Anticoagulation in Concomitant
Chronic Kidney Disease and Atrial Fibrillation: JACC Review Topic
of the Week,” Journal of the American College of Cardiology 74, no. 17
(2019): 2204-2215, https://doi.org/10.1016/j.jacc.2019.08.1031.

2. Kidney Disease: Improving Global Outcomes (KDIGO) CKD work
group, “KDIGO 2024 Clinical Practice Guideline for the Evaluation and
Management of Chronic Kidney Disease,” Kidney International 105, no.
4S (2024): S117-S314, https://doi.org/10.1016/j.kint.2023.10.018.

3. The Nephrology Society of Thailand, “Clinical Practice Recom-
mendation for the Evaluation and Management of Chronic Kidney
Disease in Adults 2022 (Revised Version),” (2022), https://www.nephr
othai.org/.

4. C. B. Granger, J. H. Alexander, J. J. V. McMurray, et al., “Apixaban
Versus Warfarin in Patients With Atrial Fibrillation,” New England
Journal of Medicine 365 (2011): 981-992.

5.S.J. Connolly, M. D. Ezekowitz, S. Yusuf, et al., “Dabigatran Versus
Warfarin in Patients With Atrial Fibrillation,” New England Journal of
Medicine 361 (2009): 1139-1151.

6. R. P. Giugliano, C. T. Ruff, E. Braunwald, et al., “Edoxaban Versus
Warfarin in Patients With Atrial Fibrillation,” New England Journal of
Medicine 369 (2013): 2093-2104.

7. M. R. Patel, K. W. Mahaffey, J. Garg, et al., “Rivaroxaban Versus War-
farin in Nonvalvular Atrial Fibrillation,” New England Journal of Med-
icine 365 (2011): 883-891.

8.T. F. Chao, N. Y. Chan, Y. H. Chan, et al., “Direct Oral Anticoagu-
lant Dosing in Patients With Atrial Fibrillation: An Asian Perspective,”
JACC. Asia 3 (2023): 707-723.

9.J. N. Liao, Y. H. Chan, L. Kuo, C. T. Tsai, S. S. Lim, and T. F. Chao,
“Optimal Anticoagulation in Elderly Patients With Atrial Fibrillation:
Which Drug at Which Dose?,” Kardiologia Polska 80 (2022): 128-136.

10. P. Wattanaruengchai, S. Nathisuwan, W. Rattanavipanon, et al.,
“Prescriber Compliance to Direct Oral Anticoagulant Labels and Im-
pact on Outcomes in Thailand,” British Journal of Clinical Pharmacol-
ogy 87 (2021): 1390-1400.

11. A. S. Levey, J. Coresh, T. Greene, et al., “Using Standardized Serum
Creatinine Values in the Modification of Diet in Renal Disease Study
Equation for Estimating Glomerular Filtration Rate,” Annals of Internal
Medicine 145, no. 4 (2006): 247-254, https://doi.org/10.7326/0003-4819-
145-4-200608150-00004.

12. A. S. Levey, L. A. Stevens, C. H. Schmid, et al., “A New Equation to
Estimate Glomerular Filtration Rate,” Annals of Internal Medicine 150
(2009): 604-612.

13. C. Ting, M. Rhoten, J. Dempsey, H. Nichols, J. Fanikos, and C. T.
Ruff, “Evaluation of Direct Oral Anticoagulant Prescribing in Patients
With Moderate to Severe Renal Impairment,” Clinical and Applied
Thrombosis/Hemostasis 27 (2021): 1076029620987900.

14. “Eliquis (Apixaban). In, Bangkok: Pfizer (Thailand),” 2015.

15. “Pradaxa (Dabigatran). In, Bangkok: Boehringer Ingelheim (Thai-
land) Ltd,” 2015.

16. “Lixiana (Edoxaban) in, Bangkok: Daiichi Sankyo (Thailand),” 2023.
17. “Xarelto (Rivaroxaban). In, Bangkok: Bayer Thai Co, Ltd,” 2014.

18.S. Schulman and C. Kearon, “Definition of Major Bleeding in
Clinical Investigations of Antihemostatic Medicinal Products in Non-
Surgical Patients,” Journal of Thrombosis and Haemostasis 3, no. 4
(2005): 692-694, https://doi.org/10.1111/j.1538-7836.2005.01204.x.

19. G. C. Leef, A. C. Perino, M. Askari, et al., “Appropriateness of Direct
Oral Anticoagulant Dosing in Patients With Atrial Fibrillation: Insights
From the Veterans Health Administration,” Journal of Pharmacy Prac-
tice 33 (2020): 647-653.

20. M. E. Barra, J. Fanikos, J. M. Connors, K. W. Sylvester, G. Piazza,
and S. Z. Goldhaber, “Evaluation of Dose-Reduced Direct Oral Antico-
agulant Therapy,” American Journal of Medicine 129 (2016): 1198-1204.

21. L. R. Jackson, P. Schrader, L. Thomas, et al., “Dosing of Direct Oral
Anticoagulants in Patients With Moderate Chronic Kidney Disease in
Us Clinical Practice: Results From the Outcomes Registry for Better In-
formed Treatment of AF (ORBIT-AF II),” American Journal of Cardio-
vascular Drugs 21, no. 5 (2021): 553-561, https://doi.org/10.1007/s4025
6-021-00473-x.

22.Y.T. Chen and H. J. Lin, “Renal Function Estimates and Dosing of
Direct Oral Anticoagulants in Stroke Patients With Atrial Fibrillation:
An Observational Study,” Acta Neurologica Taiwanica 27 (2018): 39-44.

23.]J. G. Andrade, N. M. Hawkins, C. B. Fordyce, et al., “Variability in
Non-Vitamin k Antagonist Oral Anticoagulants Dose Adjustment in
Atrial Fibrillation Patients With Renal Dysfunction: The Influence of
Renal Function Estimation Formulae,” Canadian Journal of Cardiology
34 (2018): 1010-1018.

24. M. Rohla, L. Pecen, R. Cemin, et al., “Reclassification, Thromboem-
bolic, and Major Bleeding Outcomes Using Different Estimates of Renal

90f 10


https://doi.org/10.1016/j.jacc.2019.08.1031
https://doi.org/10.1016/j.kint.2023.10.018
https://www.nephrothai.org/
https://www.nephrothai.org/
https://doi.org/10.7326/0003-4819-145-4-200608150-00004
https://doi.org/10.7326/0003-4819-145-4-200608150-00004
https://doi.org/10.1111/j.1538-7836.2005.01204.x
https://doi.org/10.1007/s40256-021-00473-x
https://doi.org/10.1007/s40256-021-00473-x

Function in Anticoagulated Patients With Atrial Fibrillation: Insights
From the PREFER-In-AF and PREFER-In-AF Prolongation Registries,”
Circulation. Cardiovascular Quality and Outcomes 14 (2021): e006852.

25.T. C.Dowling, E. S. Wang, L. Ferrucci, and J. D. Sorkin, “Glomerular
Filtration Rate Equations Overestimate Creatinine Clearance in Older
Individuals Enrolled in the Baltimore Longitudinal Study on Aging:
Impact on Renal Drug Dosing,” Pharmacotherapy 33 (2013): 912-921.

26. A. Akbari, H. el Wadia, G. A. Knoll, et al., “Comparison of eGFR
Equations to Guide Dosing of Medications for Kidney Transplant Re-
cipients,” Transplantation 108 (2024): 2270-2277, http://doi, https://doi.
0rg/10.1097/TP.0000000000005098.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

10 of 10

Clinical and Translational Science, 2025


http://doi
https://doi.org/10.1097/TP.0000000000005098
https://doi.org/10.1097/TP.0000000000005098

	Evaluation of DOAC Dosing Among Various Renal Equations in Patients With Kidney Impairment and Elderly in Thailand
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Study Setting
	2.2   |   Study Design
	2.3   |   Ethics Statement
	2.4   |   Data Collection
	2.5   |   Data Analysis

	3   |   Results
	3.1   |   The Prescription of DOACs Complied With TFDA Recommendation
	3.2   |   Analysis of Renal Function From Various Equations
	3.3   |   Percentage of Agreement, Over-Dosing, and Under-Dosing When Compared eGFR to Standard eCrCl
	3.4   |   Subgroup Analysis of Patients Receiving Apixaban With “Under-Dosing” According to TFDA
	3.5   |   Clinical Outcomes After One-Year Follow-Up

	4   |   Discussion
	5   |   Conclusion
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	References


