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ARTICLE INFO ABSTRACT
Keywords: The CHA2DS, -VASc score is a vital clinical tool for evaluating thromboembolic risk in patients
CHA,DS»-VASc scores with atrial fibrillation (AF). This study investigated the efficacy of the CHA;DS; -VASc score in a

Cardiac intensive care units
Chronic kidney injury
Cardiovascular disease

cohort of 737 heterogeneous patients (mean age: 63 years) receiving care in cardiac intensive care
units (CICUs), with a creatinine-based estimated glomerular filtration rate (eGFR) of >60 mL/
min/1.73 m? upon admission and discharge. Incident chronic kidney disease (CKD) was defined
as the emergence of a new-onset eGFR<60 mL/min/1.73 m?, accompanied by a decline of >5
mL/min/1.73 m? compared to that at discharge. The primary endpoint was the incidence of CKD,
and the secondary endpoints included all-cause mortality, cardiovascular events, and progression
to end-stage kidney disease. In this cohort, 210 (28 %) patients developed CKD. Multivariate
analyses revealed that CHA2DS; -VASc score was a significant independent predictor of incident
CKD, regardless of the presence of AF. Integration of CHA2DS; -VASc scores with eGFR enhanced
the predictive accuracy of incident CKD, as evidenced by the improved C-index, net reclassifi-
cation improvement, and integrated discrimination improvement values (all p < 0.05). Over the
12-month follow-up period, a composite endpoint was observed in 61 patients (8.3 %), with
elevated CHA,DS; -VASc scores being independently associated with this endpoint. In conclusion,
CHA3DS,-VASc scores have emerged as robust predictors of both CKD incidence and adverse
outcomes. Their inclusion substantially refined the 12-month risk stratification of patients with
preserved renal function hospitalized in the CICUs.
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1. Introduction

Patients with chronic kidney disease (CKD) face a substantially increased risk of cardiovascular disease (CVD) mortality, which is
approximately double that of patients without CKD [1]. Notably, patients with CKD also demonstrate pronounced susceptibility to
cardiovascular events, with approximately 50 % of the patients at CKD stages 4/5 experiencing CVD [2,3]. The interplay between CVD
and CKD is multifaceted, with shared risk factors suggesting a bidirectional relationship, wherein CVD promotes CKD initiation and
exacerbates its progression [4]. The rate of kidney function decline varies widely among patients with CVD, necessitating the early
identification of individuals at a heightened risk of incident CKD to enable timely interventions and avert complications.

The CHA,DS,-VASc score, encompassing congestive heart failure, hypertension, age (>75 years), diabetes, prior stroke, vascular
disease, age (65-74 years), and sex, serves as a widely utilized clinical prediction tool for assessing the risk of thromboembolic events
in patients with atrial fibrillation (AF) [5]. Previous studies have reported a correlation between increasing CHA;DS; -VASc scores and
an elevated incidence of CKD and end-stage kidney disease (ESKD) in patients with AF [6,7]. Notably, Beyer-Westendorf et al.
demonstrated that higher CHA,;DS; -VASc scores are associated with accelerated CKD progression in patients with AF and CKD [8].
Given the close association between CHA3DS; -VASc score components and renal dysfunction, we hypothesized that this score would
accurately predict subsequent CKD in patients with CVD. Furthermore, we hypothesized that the CHA2DS; -VASc score could
significantly predict cardiovascular and all-cause mortality in patients with CKD [9,10].

However, the efficacy of CHA,DS, -VASc score has not been fully investigated in patients treated in cardiac intensive care units
(CICUs). Consequently, this study aimed to evaluate the predictive value of CHA;DSy -VASc scores for incident CKD and assess their
prognostic implications for patients admitted to the CICUs.

2. Materials and methods

This study was conducted at the Department of Cardiology, Fujita Health University School of Medicine (Toyoake, Japan).
Approval for the study protocol (protocol number: HM19-264) was obtained from the Ethics Committee of Fujita Health University in
accordance with the principles outlined in the Declaration of Helsinki. Written informed consent was obtained from all participants.

A patient flow diagram detailing the selection process for inclusion in this study is shown in Fig. 1. Among the 6174 patients
admitted to the CICUs between December 2009 and December 2018, 1320 were excluded for various reasons: absence of serum
creatinine (SCr) data on days 0, 2, and 7 following CICU admission (927 patients), missing clinical data (71 patients), age<18 years (16
patients), history of kidney transplantation (two patients), undergoing dialysis (185 patients), and in-hospital death (119 patients).
Additionally, 3974 patients were further excluded for meeting any of the following criteria: SCr-based estimated glomerular filtration
rate (eGFR) < 60 mL/min/1.73 m? either upon admission or discharge (3833 patients), development of acute kidney injury (AKI)
during hospitalization (114 patients), and absence of creatinine data post-discharge (170 patients). Consequently, a total of 737 pa-
tients without AKI who had preserved renal function (eGFR>60 mL/min/1.73 m? on both admission and discharge) were included in
the final analysis. Physicians independently determined the appropriate therapy and managed patients according to established
protocols, utilizing outcome measurements such as symptom improvement, physical examination findings, laboratory data, pulmo-
nary congestion on chest radiography, and echocardiographic findings. Clinical characteristics were extracted from the patients’
medical records upon enrollment.

In this study, incident CKD was defined as the emergence of a new-onset eGFR<60 mL/min/1.73 m? with a decline of >5 mL/min/
1.73 m? per year compared to that at discharge, as per established criteria for rapid progression. This criteria was followed to avoid
“noise” introduced by natural eGFR fluctuations based on the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines [11].
The eGFR was calculated using the Modification of Diet in Renal Disease Study (MDRD) equation recommended by the Japan Chronic

6,174 CICUs patients

1,320 patients were excluded due to
+ Absenceof SCrdata (n=927)
* Missing clinicaldata (n=71)
« <18years (n=16)
* History of kidney transplantation (n=2)
* Undergoing dialysis (n=185)
- In hospital death (n=119)

3,947 patients were excluded due to
* eGFR on admission <60 (n=2,506)
* eGFR at discharge <60 (n=1,327)
* AKI during hospitalization (n=114)

‘ * Absenceof SCr data after discharge (n=170)

737 patients ‘

Fig. 1. Flow diagram of the study. CICUs, cardiac intensive care unit; SCr, serum creatinine; eGFR, estimated glomerular filtration rate; AKI, acute
kidney injury.
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Kidney Disease Initiative [12]. AKI was diagnosed according to KDIGO criteria, identifying an increase in SCr by > 0.3 mg/dL within
48 h or an increase in SCr to >1.5 times the baseline within 1 week [13].

For each patient, the CHA3DS, -VASc score was calculated at admission, utilizing the following scoring system: 1 point for
congestive heart failure (CHF, recent decompensated HF, objective evidence of moderate to severe left ventricular dysfunction, or
hypertrophic cardiomyopathy), hypertension (HT, on antihypertensive therapy), 65-74 year age-group, diabetes mellitus (DM,
treatment with oral hypoglycaemic drugs and/or insulin or fasting blood glucose>125 mg/dL), vascular disease (angiographically
significant coronary artery disease, previous myocardial infarction [MI], peripheral artery disease, or aortic plaque), and female sex,
while 2 points were assigned for age >75 years and prior stroke or transient ischemia attack [14,15]. The same criteria for CHA3DS3
-VASc score were used for all patients, irrespective of the presence of AF. Two-dimensional echocardiography was routinely performed
to calculate ejection fraction (LVEF) using the modified Simpson’s method.

All patients underwent clinical follow-up 12 months after discharge. The primary endpoint was the incidence of CKD. Indepen-
dently assessed by the researchers, the secondary endpoint was a composite of all-cause mortality and cardiovascular events
(admission for acute decompensated HF, acute coronary syndrome [ACS], stroke [ischemic or hemorrhagic], or acute arterial occlusive
disease) along with progression to ESKD. Patients who were clinically diagnosed with HF or met the Framingham criteria for HF were
considered as having experienced an HF event. Readmissions for ACS presentations included ST-elevation MI, non ST-elevation MI,
and unstable angina (UA). The diagnosis of MI is associated with high-sensitivity cardiac troponin release and is based on the fourth
universal definition of MI [16]. UA is defined as myocardial ischemia at rest or with minimal exertion in the absence of acute car-
diomyocyte injury or necrosis. Endpoint data were retrieved from the hospital charts.

Statistical analyses were conducted using the JMP version Pro 15 software (SAS Institute Inc., Cary, NC, USA). Categorical variables
are presented as numbers and frequencies, while continuous variables are expressed as mean + standard deviation or median with
interquartile ranges, depending on their distribution. Because the serum NT-proBNP and urinary microalbumin data exhibited
irregular distributions, log transformation was performed to meet the criteria for normalization following statistical confirmation.
Clinical characteristics were compared using chi-square analysis for categorical variables and the Mann-Whitney U test or Student’s t-
test for continuous variables. Odds ratios and 95 % confidence intervals (CIs) were calculated using logistic analysis. All baseline
variables (p < 0.05) identified in univariate analyses were entered into the model to determine the independent predictors of CKD.

Table 1
Baseline characteristics of study population according to CKD.

All CKD (-) CKD (+) p-value
Number 737 527 210
Male 517 (70) 378 (72) 139 (66) 0.14
Age (years) 63.0 + 14.4 60.5 + 14.7 69.4 +11.2 <0.001
Hypertension 388 (53) 268 (51) 120 (57) 0.12
Diabetes mellitus 220 (30) 144 (27) 76 (36) 0.02
Hyperlipidemia 322 (44) 231 (44) 91 (43) 0.90
Hyperuricemia 94 (13) 65 (12) 29 (14) 0.59
Previous cerebral infarction or transit ischemic attack 63 (9) 33 (6) 30 (14) 0.001
Previous myocardial infarction 90 (12) 55 (10) 35 (17) 0.02
ACS 462 (63) 345 (65) 117 (56) 0.01
Acute decompensated heart failure 125 (17) 74 (14) 51 (24) 0.001
AF 92 (12) 56 (11) 36 (17) 0.02
Systolic blood pressure (mmHg) 138 + 27 138 + 26 137 + 28 0.56
Heart rate (bpm) 87 + 26 87 + 26 88 + 28 0.49
Hemoglobin (g/dL) 13.2 + 2.0 13.4 + 2.0 12.8 + 2.0 <0.001
eGFR on admission (mL/min/1.73 mz) 87.8 + 20.0 91.7 + 20.5 77.8 + 14.6 <0.001
eGFR at discharge (mL/min/1.73 m?) 78.5 + 17.2 81.7 + 18.5 70.4 + 9.4 <0.001
NT-proBNP (pg/mL) 449 (120-1549) 390 (97-1407) 640 (184-2206) 0.008
High-sensitivity Troponin I (ng/mL) 0.21 (0.02-3.60) 0.23 (0.02-3.93) 0.18 (0.03-3.28) 0.98
Urinary microalbumin (mg/gCr) 22.6 (9.2-67.7) 19.7 (8.3-57.8) 30.8 (13.4-99.0) 0.80
Ventilation at enrollment 62 (8) 40 (8) 22 (10) 0.21
IABP or PCPS at enrollment 44 (6) 31 (6) 13 (6) 0.87
CAG or PCI before admission 317 (43) 244 (46) 73 (35) <0.01
Left ventricular ejection fraction (%) 50 + 12 50 + 11 49 + 13 0.25
CHA,DS,-VASc Score 2(1-4) 2(1-3) 3(2-4) <0.001
Treatment at discharge
ARBs or ACE inhibitors 424 (58) 311 (59) 113 (54) 0.20
Beta-blockers 401 (54) 286 (54) 115 (55) 0.90
MRA 117 (16) 62 (12) 55 (26) <0.001
SGLT-2 inhibitors 117 (16) 62 (12) 55 (26) <0.001
Composite endpoint 61 (8) 29 (6) 32 (15) <0.001

Data are presented as number (%), mean + standard deviation, or median (interquartile range).

CKD, chronic kidney disease; ACS, acute coronary syndrome; AF, atrial fibrillation; bpm, beats per minute; eGFR, estimated glomerular filtration rate;
NT-proBNP, N-terminal pro-B-type natriuretic peptide; IABP, intra-aortic balloon pumping; PCPS, percutaneous cardio pulmonary support; CAG,
coronary angiography; PCI, percutaneous coronary intervention; ARB, angiotensin receptor blocker; ACE, angiotensin converting enzyme; MRA,
mineralocorticoid receptor antagonist; SGLT-2, sodium-glucose cotransporter-2.
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Similarly, Cox multivariate analysis integrated all baseline variables (p < 0.05) from the univariate analyses to determine the inde-
pendent predictors of the composite endpoint. Hazard ratios and 95 % CIs were determined using the Cox proportional hazards
analysis. Kaplan-Meier curves were constructed and compared using the log-rank test to assess the differences in event-free survival
among the groups. To assess the enhanced predictive accuracy of integrating the CHA,DS; -VASc score with the e-GFR, the C-index, net
reclassification improvement (NRI), and integrated discrimination improvement (IDI) were calculated. The C-index, defined as the
area under the ROC curve (AUC), compares the individual predictive probabilities for endpoints with the incidence of endpoints
against the baseline model [17]. The NRI and IDI provide relative indicators of improved predicted probability and average
enhancement, respectively, after incorporating the variables into the baseline model [18]. Statistical significance was set at p < 0.05.

3. Results

A total of 737 patients (517 males; mean age, 63 years) were enrolled in this study (Fig. 1). The baseline patient characteristics are
summarized in Table 1. In the cohort, 462 patients (63 %) were admitted for ACS, with 158 patients presenting with ST-segment
elevation MI, 239 with non-ST-segment elevation MI, and 65 with UA. Additionally, 125 patients (17 %) were admitted for acute
decompensated HF, categorized into 72 patients with reduced ejection fraction (LVEF<40 %), 20 with mid-range ejection fraction
(LVEF 41-49 %), and 33 with preserved ejection fraction (LVEF>50 %). Other reasons for admission were arrhythmia (35 patients, 5
%), pulmonary embolism (24 patients, 3 %), acute aortic syndrome (24 patients, 3 %), infective endocarditis (15 patients, 2 %), and
other miscellaneous causes (52 patients, 7 %).

During the 12-month follow-up period after admission, 210 patients (28 %) developed CKD. The characteristics of patients who
developed CKD included older age, lower hemoglobin levels, eGFR at admission and discharge, and higher NT-proBNP and CHA2DS»
-VASc scores compared to those who did not develop CKD (Table 1). Notably, many patients who developed CKD had a history of
cerebral infarction or transient ischemic attack, MI, DM, acute decompensated HF, AF, or treatment with a mineralocorticoid receptor
antagonist (MRA) at discharge. Additionally, patients who developed CKD were less likely to have undergone ACS, coronary angi-
ography, or percutaneous coronary intervention (PCI) before admission than those who did not develop CKD. Patients with incident
CKD exhibited a higher risk of composite end points than those without incident CKD (15 % vs. 6 %, p < 0.001). The incidence rate of
CKD increased with higher CHA;DS; -VASc scores (Fig. 2). Multivariate logistic analyses revealed that CHA;DS; -VASc scores, eGFR on
admission, and hemoglobin level were significant independent predictors of incident CKD, regardless of the presence or absence of AF
(Table 2). Additionally, we assessed the impact of incorporating the CHA,DS; -VASc score into the eGFR on admission. As shown in
Table 3, integrating CHA,DS;, -VASc score enhanced the prediction of incident CKD beyond that of eGFR alone (p < 0.05), as indicated
by a significant increase in the C-index. Furthermore, the inclusion of CHA;DS, -VASc scores significantly improved patient reclas-
sification and IDI beyond that of eGFR alone (both p < 0.001). In patients without AF, integrating the CHA,;DS, -VASc scores
significantly improved the reclassification of patients and the IDI beyond that of eGFR alone (both p < 0.01). Conversely, the C-index
did not improve beyond that of eGFR alone.

During the 12-month follow-up period, the composite endpoint occurred in 61 patients (8.3 %), with one patient progressing to
ESKD (Table 4). Among these cases, all-cause mortality was observed in 11 patients, including five attributed to cardiovascular events.
Cardiovascular incidents were primarily driven by acute decompensated HF in 20 patients, ACS in 17, stroke in 11, and acute arterial
occlusive disease in one. According to the Cox multivariate analysis, which included all baseline variables (p < 0.05) identified in the
univariate analysis, the CHA,;DS; -VASc score emerged as a significant independent predictor of the composite endpoint regardless of
the presence or absence of AF (Table 5). Stratification of patients into three groups according to CHA3DS, -VASc scores revealed a
graded escalation in the risk of the composite endpoint, as depicted by the Kaplan-Meier curves, both in the overall patient cohort and

41.8% p <0.001

45
40 29.7%

35

16.0%

Incidence of CKD (%)

[

0
CHA,;DS,-VASc Score  0-1 2-3 4-9

N (237) (306) (194)

Fig. 2. Incidence of CKD according to the CHA,DS; -VASc score. CKD, chronic kidney disease.
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Table 2
Multivariate logistic analyses of predictors of CKD.
All Without AF

Variables OR (95 % CI) p-value OR (95 % CI) p-value
ACS 0.82 (0.50-1.34) 0.42
Acute decompensated heart failure 0.71 (0.38-1.35) 0.30
AF 1.34 (0.80-2.25) 0.26
Hemoglobin (per 1 g/dL increment) 0.88 (0.80-0.97) 0.01 0.84 (0.76-0.93) 0.001
eGFR on admission (per 1 mL/min/1.73 m? increment) 0.95 (0.94-0.96) <0.001 0.95 (0.93-0.96) <0.001
NT-proBNP (per 10-fold increment) 1.09 (0.80-1.50) 0.59 1.04 (0.77-1.40) 0.80
Urinary microalbumin (per 10-fold increment) 1.31 (0.99-1.72) 0.05 1.39 (1.04-1.86) 0.02
CAG or PCI before admission 0.75 (0.50-1.12) 0.16 0.75 (0.50-1.13) 0.17
CHA,DS,-VASc Score (per 1 point increment) 1.25 (1.11-1.40) <0.001 1.17 (1.04-1.33) 0.01

The multivariable model was adjusted for all baseline variables with p < 0.05 in univariate analyses.
AF, atrial fibrillation; OR, odds ratio; CI, confidence interval; ACS, acute coronary syndrome; eGFR, estimated glomerular filtration rate; NT-proBNP,
N-terminal pro-B-type natriuretic peptide; CAG, coronary angiography; PCI, percutaneous coronary intervention.

Table 3

Discrimination and reclassification of CHA,DS,-VASc Score.
All

C-index p-value NRI p-value IDI p-value

eGFR on admission 0.729 Reference Reference Reference
eGFR on admission + CHA,DS,-VASc Score 0.752 0.04 0.506 (0.351-0.661) <0.001 0.037 (0.021-0.054) <0.001
Without AF
eGFR on admission 0.744 Reference Reference Reference
eGFR on admission + CHA,DS,-VASc Score 0.760 0.12 0.487 (0.318-0.656) <0.001 0.028 (0.012-0.043) 0.001

NRI, net reclassification improvement; IDI, integrated discrimination improvement; eGFR, estimated glomerular filtration rate; AF, atrial fibrillation.
in those without AF (Fig. 3; both p < 0.001).
4. Discussion

In this study, we delved into the relationship between CHA2DS; -VASc scores and the onset of CKD as well as prognostic impli-
cations in patients admitted to CICUs with an eGFR>60 mL/min/1.73 m? upon both admission and discharge. Our findings yielded
several key insights on this topic. First, 28 % of patients experienced CKD onset within 1 year of discharge. Second, regardless of the
presence or absence of AF, the CHA3DS, -VASc score emerged as a significant independent predictor of CKD progression. Third,
integrating the CHA,DS, -VASc scores with eGFR improved the predictive accuracy for incident CKD, as demonstrated by improve-
ments in the C-index, NRI, and IDI. Forth, patients with elevated CHA3DS, -VASc scores exhibited heightened risks of all-cause
mortality and cardiovascular events, regardless of the AF status. Consequently, our findings suggest that CHA;DS; -VASc scores
have the potential to improve the prediction of CKD progression and may serve as a valuable prognostic tool for individuals hospi-
talized for CVD with preserved renal function.

The CHA2DS; -VASc scores have been investigated to predict stroke in patients with AF; however, their relationship with renal
impairment in patients with CVD remains unknown. Wang et al. showed that the incidence of CKD increased with rising CHA2DS»
-VASc scores in 8764 patients with AF who did not have CKD [6]. A previous study demonstrated an association between higher
CHA,DS; -VASc scores and faster CKD progression in patients with AF and CKD [8]. CHA3DS, -VASc scores were independently
associated with the risk of contrast-induced AKI in patients with ACS undergoing PCI [19-22]. In our study of patients hospitalized in
CICUs with preserved renal function, we observed significant associations between progression to CKD and CHA;DS, -VASc scores.

Beyond its established role in stroke prediction, the CHA;DS,-VASc score has proven valuable in predicting cardiovascular out-
comes across several disease conditions, regardless of AF status [23-25]. Notably, in patients with ACS, the CHA,DS, -VASc score has
emerged as a robust predictor of all-cause mortality and cardiovascular events [26-29]. Furthermore, it has been linked to increased
mortality rates and has demonstrated a prognostic accuracy comparable to that of the GRACE scores in patients with coronary artery
disease [30] and systolic HF [31]. Consistent with previous research, our current investigation revealed associations between CHA;DS»
-VASc score and adverse clinical outcomes among patients hospitalized in CICUs with preserved renal function [26-31].

The CHA2DS; -VASc score’s ability to predict CKD progression can be attributed to its constituent components, many of which
overlap with well-established risk factors for CKD. CHF [32,33], HT [34,35], advanced age [36,37], DM [38], and female sex [39] are
widely recognized predisposing factors for CKD. Additionally, prior stroke [40] and vascular diseases [41,42] have been associated
with CKD development. The influence of these risk factors on CKD progression is well-documented [43-45], with acceleration
observed when multiple factors coexist in an individual [46-48]. Consequently, the association between the individual components of
the CHA,DS; -VASc score and renal function may increase the risk of incident CKD with increasing CHA2DS; -VASc score.
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Table 4
Baseline characteristics of study population according to composite endpoint.

Composite endpoint (—) Composite endpoint (+) p-value
Number 676 61
Male 477 (71) 40 (66) 0.42
Age (years) 62.7 + 14.3 67.4 + 14.6 0.01
Hypertension 352 (52) 36 (59) 0.30
Diabetes mellitus 197 (29) 23 (38) 0.17
Hyperlipidemia 295 (44) 27 (44) 0.93
Hyperuricemia 64 (12) 30 (13) 0.71
Previous cerebral infarction or transit ischemic attack 48 (7) 15 (25) <0.001
Previous myocardial infarction 73 (11) 17 (28) 0.001
ACS 428 (63) 34 (56) 0.25
Acute decompensated heart failure 103 (15) 22 (36) <0.001
AF 71 (11) 21 (34) <0.001
Systolic blood pressure (mmHg) 138 + 27 133 + 26 0.12
Heart rate (bpm) 87 + 26 91 + 29 0.24
Hemoglobin (g/dL) 13.3 + 2.0 129 + 2.1 0.21
eGFR on admission (mL/min/1.73 m?) 87.8 + 20.2 87.4+17.7 0.88
eGFR at discharge (mL/min/1.73 m?) 78.7 + 17.5 76.9 + 13.1 0.43
NT-proBNP (pg/mL) 414 (118-1408) 1172 (172-2828) <0.01
High-sensitivity Troponin I (ng/mL) 0.20 (0.02-3.68) 0.37 (0.02-3.12) 0.98
Urinary microalbumin (mg/gCr) 21.1 (8.9-64.0) 41.1 (16.2-112.4) 0.87
Ventilation at enrollment 51 (8) 11 (18) 0.01
IABP or PCPS at enrollment 39 (6) 5(8) 0.46
CAG or PCI before admission 292 (43) 25 (41) 0.74
Left ventricular ejection fraction (%) 50 + 11 46 + 15 <0.01
CHA,DS,-VASc Score 2 (1-3) 4 (2-5) <0.001
Treatment at discharge
ARBs or ACE inhibitors 390 (58) 34 (56) 0.77
Beta-blockers 361 (53) 40 (66) 0.06
MRA 95 (14) 22 (36) <0.001
SGLT-2 inhibitors 95 (14) 22 (36) <0.001
Developed CKD 178 (26) 32 (52) <0.001

Data are presented as number (%), mean =+ standard deviation, or median (interquartile range).
ACS, acute coronary syndrome; AF, atrial fibrillation; bpm, beats per minute; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro-
B-type natriuretic peptide; IABP, intra-aortic balloon pumping; PCPS, percutaneous cardio pulmonary support; CAG, coronary angiography; PCI,
percutaneous coronary intervention; ARB, angiotensin receptor blocker; ACE, angiotensin converting enzyme; MRA, mineralocorticoid receptor
antagonist; SGLT-2, sodium-glucose cotransporter-2; CKD, chronic kidney disease.

Table 5
Multivariate predictors of composite endpoint.
All Without AF

Variables RR (95 % CI) p-value RR (95 % CI) p-value
Hyperuricemia 2.33 (1.24-4.37) 0.01 3.16 (1.52-6.59) <0.01
Acute decompensated heart failure 0.83 (0.39-1.77) 0.63 0.54 (0.20-1.45) 0.22
AF 3.55 (2.01-6.26) <0.001
NT-proBNP (per 10-fold increment) 0.95 (0.59-1.52) 0.82 0.89 (0.48-1.61) 0.69
Urinary microalbumin (per 10-fold increment) 1.08 (0.72-1.62) 0.71 1.09 (0.67-1.73) 0.73
Ventilation at enrollment 1.42 (0.68-2.97) 0.35 2.18 (0.92-5.16) 0.08
Left ventricular ejection fraction (per 1 % increment) 0.98 (0.96-1.01) 0.15 0.97 (0.94-1.00) 0.03
CHA,DS,-VASc Score (per 1 point increment) 1.44 (1.25-1.67) <0.001 1.48 (1.23-1.79) <0.001

The multivariable model was adjusted for all baseline variables with p < 0.05 in univariate analyses.

AF, atrial fibrillation; RR, relative ratio; CI, confidence interval; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers induce efferent arteriolar vasodilation, which leads to
reduced intraglomerular pressure and renal protection [34]. This renal benefit also applies to patients with HT. Sodium-glucose
cotransporter 2 (SGLT2) inhibitors may mediate natriuresis and glucose-induced osmotic diuresis independent of their blood
glucose-lowering effects, leading to a reduction in intraglomerular pressure [49,50]. This favorable hemodynamic effect may preserve
renal function in patients with or without DM. Therefore, aggressive therapeutic interventions with these drugs may be recommended
for patients with high CHA2DS; -VASc score who have HT and DM.

Our results indicated that CHA2DS; -VASc score was a significant independent predictor of incident CKD in patients hospitalized in
the CICUs. Its straightforward measurement and ready accessibility render the CHA3DS; -VASc score a practical tool for risk assessment
in daily clinical practice. Given that the signs and symptoms of CKD may not be significant until the disease has progressed, utilizing
the CHA,DS; -VASc score can prompt clinicians to be vigilant regarding the potential for declining renal function in patients with high
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Fig. 3. Kaplan-Meier curve for composite endpoint. AF, atrial fibrillation.

scores. Recent research has highlighted the potential of SGLT2 inhibitors in reducing the risk of kidney disease progression in patients
with CKD [51,52] and type 2 diabetes [53]. Moreover, several renal-protective medications such as mineralocorticoid receptor an-
tagonists [54], renin-angiotensin-aldosterone system inhibitors [55], and angiotensin receptor-neprilysin inhibitors [56] have been
recommended to mitigate CKD progression in patients with CVD. Considering our results, patients with high CHA»DS; -VASc scores
may benefit from a more aggressive treatment using these drugs, even when renal function appears to be preserved. Furthermore,
integrating CHA2DS;, -VASc scores with eGFR improved the predictive accuracy for incident CKD, suggesting that the combined
assessment of CHA3DS, -VASc scores and eGFR may be clinically beneficial.

MDRD equation, utilizing SCr, is commonly employed to estimate eGFR in the Japanese population. However, eGFR calculated
using the MDRD equation is affected by muscle mass, protein consumption, physical activity, and ethnicity [57] and has limitations in
the assessment of early loss of kidney function [58], which may have influenced our results. Further research is necessary to investigate
the utility of the MDRD equation using serum cystatin C.

AKI is a known risk factor for CKD. Of the 114 patients with AKI, 87 (76 %) developed CKD within 1 year. Because we focused on
patients with preserved renal function and minimal renal damage, patients with AKI were excluded from this study, which may have
introduced a selection bias. Age, a crucial component of the CHA;DS,-VASc score, directly influenced the patient grouping. In the
univariate analyses, age was a significant predictor of CKD incidence and composite endpoints. Age was excluded from the multi-
variate model, as it was found to have a strong correlation with CHA3DS,-VASc scores (r = 0.62, p < 0.001).

Our study had certain limitations that warrant consideration. First, the study design was retrospective, which may have introduced
bias. Retrospective analyses were conducted at a single center, potentially limiting the generalizability of our findings. Second, the
definition of CKD relies solely on a decrease in eGFR, which may not fully encompass all aspects of renal insult, particularly changes in
urine protein levels induced by medical therapy. This approach may overlook certain renal pathologies that are influenced by vari-
ations in urine protein levels. Third, the retrospective design and nonrandomized nature of the treatments in our study complicate the
evaluation of their effects on the primary endpoint. Thus, we did not evaluate the drug treatment using multivariate analysis. Patients
who developed CKD underwent MRA more frequently than those who did not. Therefore, differences in medications may have
potentially confounded our results. However, upon including medications into our multivariate analyses, CHA2DS, -VASc scores
remained independent and significant predictors of incident CKD. Consequently, we believe that medication did not significantly
influence our results. Finally, we used a GFR estimation formula for Japanese patients to calculate renal function. Given that the CKD-
EPI formula, considered the international standard, tends to overestimate renal function in Japanese patients, the Japanese Society of
Nephrology recommends a GFR estimation formula using SCr levels in Japanese patients in daily clinical practice [12]. Therefore, the
generalizability of our findings to non-Japanese populations remains unclear.

In conclusion, CHA,;DS, -VASc score is a potent predictor of incident CKD and adverse outcomes. Its incorporation into clinical
practice could substantially improve the 12-month risk stratification of patients with preserved renal function hospitalized in the
CICUs.
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