
Abstract. Background/Aim: The relationship between renal
function and severity of cardioembolic stroke (CES) stratified
by sex remains poorly understood. Patients and Methods: A
total of 640 consecutive CES patients within 48 h after stroke
onset and with a modified Rankin Scale (mRS) score of 0 or 1
before onset were studied. The patients were divided into three
groups based on their CCr values: low creatinine clearance
(CCr) (L-CCr) (n=71, <30 ml/min), middle CCr (M-CCr)
(n=227, 30 to <50 ml/min), and high CCr (H-CCr) (n=342,
≥50 ml/min). We compared the severity and functional
outcomes of stroke among the three groups according to sex.
Results: On admission, using the National Institutes of Health
Stroke Scale, the L-CCr group had the most severe stroke,
followed by the M-CCr and H-CCr groups (p<0.0001).
Functional outcomes at discharge, assessed using the mRS,
were the worst in the L-CCr group, followed by the M-CCr and
H-CCr groups (p<0.0001). Multivariable analyses revealed
that L-CCr was a significant determinant of severe stroke on
admission and poor functional outcomes at discharge.
According to sex, L-CCr was a significant determinant of
severe stroke on admission and poor functional outcomes at
discharge in female patients, but not in male patients.

Conclusion: Low CCr is a risk factor for severe stroke on
admission and unfavorable functional outcomes at discharge
in Japanese CES patients, and particularly in female patients.

The prevalence of both chronic kidney disease (CKD) and
atrial fibrillation (AF) is increasing annually with the aging of
the population (1). The Fushimi AF registry, which provides
current clinical practice regarding real-world AF management
in Japan, showed that 1.1% of the total population has AF and
26.4% of patients with AF have CKD (2). CKD is considered
a risk factor for cardiovascular events; the presence of
albuminuria and estimated glomerular filtration rate (eGFR)
<60 ml/min/1.73 m2 increase the risk of cardiovascular events
(3, 4). Creatinine clearance (CCr) and eGFR are calculated
using an estimation formula based on serum creatinine levels
(5, 6). As the value of creatinine differs based on sex and
muscle mass, sex affects these formulas and some studies have
investigated sex differences in CKD (7, 8).

Cardioembolic stroke (CES) associated with AF has been
reported to be severe and has a poor functional prognosis;
thus, anticoagulation is important for stroke prevention (9-
11). Additionally, several studies investigating sex-related
differences in the severity and functional outcomes of stroke
in patients with ischemic stroke showed that the female sex
is associated with severe stroke and unfavorable outcomes
(12-15). However, few studies have reported the relationship
between renal function and prognosis in patients with CES
in relation to sex. In this study, we assessed the severity and
functional outcomes of stroke in patients with CES with
nonvalvular AF (NVAF) based on renal function in each sex.

Patients and Methods

Study patients. The Hirosaki Stroke and Rehabilitation Center
(HSRC) provides an acute therapy in a stroke care unit and a
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rehabilitation therapy in a recovery rehabilitation ward. Over a 9-
year period from April 2011 to March 2020, 1,659 consecutive
patients with CES were admitted to the HSRC for acute therapy and
chronic rehabilitation therapy within 60 days after the onset of CES.
Of them, 640 patients with CES with NVAF within 48 h after the
onset of the disease who had a modified Rankin Scale (mRS) score
of 0 or 1 were studied (Figure 1).

We used the Cockcroft–Gault equation to estimate the CCr (ml/min):
[(140–age)×body weight/72×serum creatinine×(0.85 if sex=female)],
which is an indicator of renal function required to administer direct oral
anticoagulants (DOACs) in patients with NVAF. This equation is
calculated by age, body weight, serum creatinine, and sex (5). The
patients were divided into three groups based on their CCr values: the
high CCr (H-CCr) group (≥50 ml/min; n=342; male/female=209/133),
the middle CCr group (M-CCr) (30 to <50 ml/min; n=227;
male/female=108/119), and low CCr (L-CCr) (<30 ml/min; n=71;
male/female=23/48). Clinical characteristics, stroke severity on
admission, and functional outcomes at discharge were analyzed and
compared among these three groups and in each sex, separately. We
further performed analyses using the eGFR (ml/min/1.73 m2), which is
estimated based on the CKD-Epidemiology Collaboration Equation by
Japanese formula [194×(serum creatinine)−1.094×(age)−0.287×(0.739
if sex=female)] (6).

This study was approved and an exemption of informed consent
was granted by the ethics committee of the Hirosaki Stroke and
Rehabilitation Center (Reference no.22B002) and the Hirosaki
University Graduate School of Medicine (Reference no.2022-018).
Subjects registered in the Hirosaki Stroke Registry (UMIN Clinical
Trials Registry: UMIN000016880) were studied. All procedures
were performed in accordance with the principles of the Declaration
of Helsinki.

Diagnosis, stroke severity, and functional outcome. All patients
underwent computed tomography of the brain on admission.
Subsequently, magnetic resonance (MR) imaging including transversal
diffusion-weighted imaging, T2-weighted imaging, fluid-attenuated
inversion recovery, and MR angiography (Signa Excite HD 1.5T and
Signa Explorer 1.5T; GE Medical System, Waukesha, WI, USA) were
performed, when intracerebral hemorrhage was not detected. All
patients underwent 12-lead electrocardiogram (ECG), chest X-ray,
carotid ultrasonography, 24-h Holter ECG, and standard blood tests.
CES was diagnosed based on the Trial of Org 10172 in Acute Stroke
Treatment classification. Treatment with oral anticoagulants (OACs)
before the onset of the disease was evaluated. Thrombolysis therapy
with intravenous recombinant tissue plasminogen activator (rt-PA) was
performed according to the Japanese guidelines. Stroke severity on
admission was assessed using the National Institutes of Health Stroke
Scale (NIHSS), and severe stroke was defined as an NIHSS score ≥8
(11, 15). Functional outcomes at discharge were assessed using the
mRS. Thromboembolism risk before the onset of the disease was
determined using the CHADS2 [congestive heart failure (CHF),
hypertension, aged 75 years or older, diabetes, prior stroke or transient
ischemic attack (TIA)] and CHA2DS2-VASc [CHF, hypertension, aged
75 years or older, diabetes, prior stroke or TIA, vascular disease, age
65-74 years, sex category (female)] scores in each patient. 

Risk factors were as follows: CHF (New York Heart Association
class Ⅱ or higher, left ventricular ejection fraction <40%),
hypertension (documented blood pressure ≥140/90 mmHg,
antihypertensive treatment), diabetes (insulin or antidiabetic treatment
or at least two determinations of diabetic type on separate days

evaluated by fasting blood glucose ≥126 mg/dl, casual blood glucose
≥200 mg/dl, the oral glucose tolerance test, or HbA1c ≥6.5%),
vascular disease (i.e., coronary artery disease, aortic plaque, or ankle
brachial index ≤0.9), and dyslipidemia (lipid-lowering medications,
triglyceride ≥150 mg/dl, low-density lipoprotein cholesterol ≥140
mg/dl, or high-density lipoprotein cholesterol <40 mg/dl).

Statistical analysis. Data were expressed as medians (25th-75th
percentiles) or n (%). A statistical comparison of differences among
the three groups was evaluated using the Kruskal-Wallis test or chi-
square test. Multivariate logistic regression analyses for stroke
severity on admission and functional outcomes at discharge were
performed after adjusting for CHF, hypertension, diabetes, prior
stroke or TIA, and OAC treatment. Statistical analyses were
performed using JMP Pro 15 (SAS, Cary, NC, USA). p-Values of
less than 0.05 indicated statistical significance.

Results

Patient profiles. The patient profiles in each group are
summarized in Table I. The median age was 86 (82-89), 83
(79-87), and 76 (69-81) years in the L-CCr, M-CCr, and H-
CCr groups, respectively (p<0.0001). The proportion of
males and body weight were lower in the L-CCr group than
those in the other groups (p<0.0001). The proportion of
patients with CHF and vascular disease was higher in the L-
CCr group than in the other groups. The proportions of
patients with hypertension, diabetes mellitus, prior cerebral
infarction or TIA, and dyslipidemia were not different among
the three groups. The CHADS2 and CHA2DS2-VASc scores
were higher in the L-CCr group than in the M-CCr and H-
CCr groups (p<0.0001). The proportion of antiplatelet use
was similar among the three groups. Moreover, no
differences in OAC treatment before stroke onset and rt-PA
thrombolysis were observed among the three groups.
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Figure 1. Flowchart of the study patients. CES: Cardioembolic stroke;
mRS: modified Rankin Scale; NVAF: nonvalvular atrial fibrillation.



Comparisons of stroke severity on admission and functional
outcomes at discharge. Stroke severity on admission was
assessed using the NIHSS score. The patients in the L-CCr
group had higher NIHSS scores than those in the M-CCr and
H-CCr groups [14 (6-23) vs. 13 (5-20) and 8 (3-17),
respectively; p<0.0001 by the Kruskal-Wallis test] (Table II).
Multivariate logistic regression analysis of the NIHSS scores
(≥8) on admission showed that the M-CCr and L-CCr groups
differed significantly [odds ratio (OR)=1.68, 95% confidence
interval (CI)=1.17-2.36; p=0.004, and OR=2.38;
95%CI=1.34-4.24; p=0.003, respectively], when the H-CCr
group was used as a reference after adjusting for
hypertension, diabetes mellitus, CHF, prior cerebral
infarction or TIA, and OAC treatment before stroke onset
(Table III). Regarding functional outcomes at discharge,

assessed using the mRS, patients in the L-CCr group had the
worst prognosis, followed by those in the M-CCr and H-CCr
groups [4 (2-5), 4 (1-5), and 2 (1-4), respectively; p<0.0001]
(Table II). Multivariate logistic regression analysis of the
mRS scores (≥3) at discharge showed that the M-CCr and L-
CCr groups differed significantly (OR=2.39; 95%CI=1.67-
3.42; p<0.0001 and OR=3.27; 95%CI=1.84-5.79; p<0.0001,
respectively), when the H-CCr group was used as a reference
(Table III). Mortality was relatively higher in the L-CCr
group than in the M-CCr and H-CCr groups, although there
was no statistical significance (14%, 10%, and 7%,
respectively; p=0.19) (Table II). The M-CCr group had the
longest period of hospitalization, followed by the L-CCr and
H-CCr groups [79 (20-121), 69 (24-114), and 53 (15-99),
respectively; p=0.005] (Table II).
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Table I. Clinical characteristics of the study’s patients.

                                                                                L-CCr (n=71)                         M-CCr (n=227)                        H-CCr (n=342)                        p-Value

Basic characteristics                                                                                                                                                                                                       
   Age (years)                                                             86 (82-89)                                83 (79-87)                                76 (69-81)                            <0.0001
   Male                                                                         23 (32%)                                 108 (48%)                                209 (61%)                            <0.0001
   Body weight (kg)                                                45.3 (41.6-54)                            49 (44.5-57)                             59.4 (54-67)                           <0.0001
   AF type (PAF)                                                         22 (31%)                                  81 (36%)                                 127 (37%)                              0.61
Risk stratification                                                                                                                                                                                                           
   CHADS2 score                                                          3 (2-5)                                      3 (2-4)                                      3 (2-4)                               <0.0001
   CHA2DS2-VASc score                                             6 (4-7)                                      5 (4-6)                                      4 (3-5)                               <0.0001
      Congestive heart failure                                      38 (54%)                                  81 (36%)                                  81 (24%)                             <0.0001
      Hypertension                                                        57 (80%)                                 176 (78%)                                274 (80%)                              0.74
      Diabetes mellitus                                                 19 (27%)                                  56 (25%)                                 106 (31%)                              0.25
      Prior cerebral infarction or TIA                         34 (48%)                                 113 (50%)                                146 (43%)                              0.23
      Vascular disease                                                   27 (38%)                                  61 (27%)                                  56 (16%)                             <0.0001
   Antiplatelet use                                                       16 (23%)                                  52 (23%)                                  53 (15%)                               0.06
   Dyslipidemia                                                           38 (54%)                                 132 (58%)                                219 (64%)                              0.15
Treatment                                                                                                                                                                                                                        
   OAC before onset                                                                                                                                                                                                     0.11
      None                                                                     45 (63%)                                 154 (68%)                                240 (70%)                                
      WF                                                                       21 (30%)                                  43 (19%)                                  57 (17%)                                 
      DOAC                                                                    5 (7%)                                    30 (13%)                                  45 (13%)                                 
   rt-PA thrombolysis                                                   7 (10%)                                   41 (18%)                                  45 (13%)                               0.13

Data are shown as medians (25th-75th percentiles) or n (%). Creatinine clearance (CCr) was estimated by the Cockcroft-Gault equation. AF: Atrial
fibrillation; PAF: paroxysmal AF; TIA: transient ischemic attack; OAC: oral anticoagulant; WF: warfarin; DOAC: direct oral anticoagulant; rt-PA:
recombinant tissue plasminogen activator. H-CCr ≥50 ml/min, 30≤M-CCr <50 ml/min, and L-CCr <30 ml/min.

Table II. Comparisons of stroke severity on admission and outcomes at discharge among the three groups.

                                                                                L-CCr (n=71)                         M-CCr (n=227)                        H-CCr (n=342)                        p-Value

NIHSS on admission                                                  14 (6-23)                                  13 (5-20)                                   8 (3-17)                              <0.0001
mRS at discharge                                                         4 (2-5)                                      4 (1-5)                                      2 (1-4)                               <0.0001
Mortality                                                                     10 (14%)                                  22 (10%)                                   25 (7%)                                0.19
Period of hospitalization (days)                               69 (24-114)                              79 (20-121)                               53 (15-99)                              0.005

Data are shown as medians (25th-75th percentiles) or n (%). NIHSS: National Institutes of Health Stroke Scale; mRS: modified Rankin Scale. H-
CCr ≥50 ml/min, 30≤M-CCr <50 ml/min, and L-CCr <30 ml/min.



Analyses in each sex. We further analyzed stroke severity on
admission and functional outcomes at discharge in each sex,
separately. Multivariate logistic regression analysis of the NIHSS
scores (≥8) on admission showed no difference among the three
groups in male patients (Table IV). However, the M-CCr and L-
CCr groups in female patients differed significantly (OR=1.93;
95%CI=1.11-3.37; p=0.02 and OR=3.33; 95%CI=1.41-7.89;
p=0.006, respectively), when the H-CCr group was used as a
reference (Table IV). The M-CCr group in male patients had the
worst mRS score at discharge [3 (1-4)] compared with the L-
CCr and H-CCr groups [2 (1-4) and 2 (1-4), respectively;
p=0.002] (Figure 2). However, the L-CCr group in female
patients had the worst mRS score [5 (3-5)], followed by the M-
CCr and H-CCr groups [4 (2-5) and 3 (1-4), respectively;
p=0.0001]. In the multivariate analysis of the mRS scores (≥3)
at discharge, the M-CCr group in male patients differed
significantly (OR=2.64; 95%CI=1.59-4.39; p=0.0002); however,
the L-CCr did not differ (OR=1.95; 95%CI=0.79-4.83; p=0.15)
(Table IV). In contrast, the M-CCr and L-CCr groups in female
patients differed significantly (OR=1.84; 95%CI=1.06-3.17;
p=0.03 and OR=3.04; 95%CI=1.34-6.86; p=0.008, respectively),
when the H-CCr group was used as a reference.

Analyses using the eGFR. We performed analyses using the
eGFR in the same way as CCr. The patients were divided into
three groups based on the eGFR (ml/min/1.73 m2) values:
eGFR <30 (L-eGFR) (n=32, male/female=8/24), eGFR 30 to
<60 (M-eGFR) (n=291, male/female=151/140), and eGFR
≥60 (H-eGFR) (n=317, male/female=181/136). The patient
characteristics in each group are summarized in Table V. The
NIHSS scores on admission did not differ among the three
groups (Table VI). Multivariate logistic regression analysis of

the NIHSS scores (≥8) on admission also showed no
significant difference among the three groups (Table VII).
Regarding mRS scores at discharge, patients in the L-eGFR
group had the worst prognosis, followed by those in the M-
eGFR and H-eGFR groups [4 (2-5), 3 (1-5), and 2 (1-4),
respectively; p=0.007] (Table VI). Multivariate logistic
regression analysis of the mRS scores (≥3) at discharge
showed that the L-eGFR group differed significantly
(OR=2.96; 95%CI=1.29-6.81; p=0.01), when the H-eGFR
group was used as a reference (Table VII). Mortality and
period of hospitalization were not significantly different
among the three groups (Table VI). According to sex, neither
the NIHSS scores (≥8) on admission nor the mRS scores (≥3)
at discharge differed significantly among the three groups in
both sexes by multivariate analysis (Table VIII).

Discussion

Major findings. In this study, we found that patients with
CES with low CCr values, and particularly women, had
higher NIHSS scores on admission and unfavorable
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Table III. Multivariate logistic regression analysis for stroke severity on
admission and outcomes at discharge.

                                             Odds ratio              95%CI                p-Value

NIHSS score on 
admission (≥8)                                                                                  
   H-CCr                               Reference                                              
   M-CCr                                   1.68                 1.17-2.36                0.004
   L-CCr                                    2.38                 1.34-4.24                0.003
mRS score at 
discharge (≥3)                                                                                   
   H-CCr                               Reference                                              
   M-CCr                                   2.39                 1.67-3.42              <0.0001
   L-CCr                                    3.27                 1.84-5.79              <0.0001

Odds ratios were calculated using the H-CCr group as a reference after
adjustment for oral anticoagulant treatment, congestive heart failure,
hypertension, diabetes mellitus, and prior cerebral infarction or transient
ischemic attack. CI: confidence interval; NIHSS: the National Institutes
of Health Stroke Scale; mRS: modified Rankin Scale. H-CCr ≥50
ml/min, 30≤M-CCr <50 ml/min, and L-CCr <30 ml/min.

Table IV. Multivariate logistic regression analysis for stroke severity on
admission and outcomes at discharge in each sex.

Male                                     Odds ratio              95%CI                p-Value

NIHSS score on 
admission (≥8)                                                                                  
   H-CCr                              Reference                                              
   M-CCr                                   1.40                 0.86-2.28                0.18
   L-CCr                                    0.92                 0.37-2.25                0.85
mRS score at 
discharge (≥3)                                                                                   
   H-CCr                              Reference                                              
   M-CCr                                   2.64                 1.59-4.39                0.0002
   L-CCr                                    1.95                 0.79-4.83                0.15
                                                     
Female                                 Odds ratio              95%CI                p-Value

NIHSS score on 
admission (≥8)                                                                                  
   H-CCr                              Reference                                              
   M-CCr                                   1.93                 1.11-3.37                0.02
   L-CCr                                    3.33                 1.41-7.89                0.006
mRS score at 
discharge (≥3)                                                                                   
   H-CCr                              Reference                                              
   M-CCr                                   1.84                 1.06-3.17                0.03
   L-CCr                                    3.04                 1.34-6.86                0.008

Odds ratios were calculated using the H-CCr group as a reference after
adjustment for oral anticoagulant treatment, congestive heart failure,
hypertension, diabetes mellitus, and prior cerebral infarction or transient
ischemic attack. CI: Confidence interval; NIHSS: the National Institutes
of Health Stroke Scale; mRS: modified Rankin Scale. H-CCr ≥50
ml/min, 30≤M-CCr <50 ml/min, and L-CCr <30 ml/min.



functional outcomes at discharge. Furthermore, a sex
difference was found in stratified analysis based on CCr, but
not on eGFR. These findings indicate that low CCr in female
patients with CES is a risk factor for severe stroke on
admission and unfavorable functional outcomes at discharge.

Severe stroke and unfavorable functional outcomes in patients
with CES with CKD. CKD is an independent risk factor for
cardiovascular diseases and stroke. In a study of 1,120,295
adults who had not undergone dialysis or kidney transplantation,
the adjusted hazard ratio (HR) for death, cardiovascular events,
and hospitalization increased significantly with a reduced eGFR
(16). A meta-analysis showed that eGFR <60 ml/min/1.73 m2
was independently associated with the incidence of stroke,
particularly in Asian patients (3). A lower CCr is also reported
to be an independent predictor of all-cause death and
thromboembolism, including ischemic stroke, in 6,052 patients
with NVAF registered in the J-RHYTHM Registry (17).

CKD is not only a risk factor for such events but also a
predictor of poor prognosis in patients with stroke (18-20).
Husseini et al. showed that decreased eGFR <60 ml/min/1.73 m2,

particularly eGFR <15 without dialysis, is associated with in-
hospital mortality or hospice in patients aged ≥65 years
admitted with acute ischemic stroke (21). In analyses
stratified by stroke subtypes, Yeh et al. showed that decreased
eGFR, particularly eGFR <30 ml/min/1.73 m2, is associated
with poor functional outcomes (mRS >3) and mortality 6
months after stroke onset in patients with large-artery
atherosclerotic stroke using the data from the Taiwan Stroke
Registry (22). Furthermore, a recent report from the Japan
Stroke Data Bank showed that both eGFR <45 ml/min/1.73
m2 and proteinuria are associated with unfavorable functional
outcomes (mRS scores of 3-6) at discharge in patients with
CES or small vessel occlusion after adjusting for several
factors, including sex (23). Consistent with this, this study
also showed that decreased renal function in patients with
CES is associated with unfavorable functional outcomes at
discharge. Notably, we showed that decreased CCr values
(M-CCr and L-CCr) are associated with both high NIHSS
scores on admission and unfavorable functional outcomes at
discharge, which is much clearer than decreased eGFR. By
definition, the equation for calculating CCr includes sex,
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Figure 2. Comparison of the modified Rankin Scale (mRS) scores at discharge among the three groups in each sex. The median value and 25th-75th
percentiles are shown in each group. The numbers in the graph indicate the number of patients. Creatinine clearance (CCr) was estimated using
the Cockcroft–Gault equation. H-CCr ≥50 ml/min, 30≤M-CCr <50 ml/min, and L-CCr <30 ml/min.



serum creatinine, and body weight, whereas that for
calculating the eGFR includes sex and serum creatinine, but
not body weight. We previously showed that low body mass
index is a risk factor for severe stroke and unfavorable
outcomes in patients with CES and NVAF (24). The inclusion
of body weight in the equation for calculating CCr may have
a significant impact on severe stroke and poor prognosis.

The kidney and brain have a similar vascular structure with
small arterial vessels exposed to high-pressure fluctuations,
resulting in microvascular damage. Traditional risk factors, such
as diabetes and hypertension, further exacerbate these vascular
damages. Consequently, these may lead to renal impairment
and cerebral stroke or damage (25-27). Although the underlying
mechanism remains to be determined, microvascular damage
may be partly associated with severe stroke in patients with
CKD. Further studies are clearly required.

Sex differences in stroke severity and functional outcomes in
patients with CKD. Several studies investigating sex-related
differences in stroke severity and functional outcomes in
patients with ischemic stroke showed that the female sex is
associated with severe stroke and unfavorable outcomes (12-
14, 28). Additionally, we have previously shown that the
female sex is an independent determinant of severe stroke and
unfavorable functional outcomes, when only patients with
CES were analyzed (15). Estrogen has a protective effect
against ischemic stroke in middle-aged and autumnal women
because it exerts anti-inflammatory effects, decreases cerebral
vascular tone, and thereby increases cerebral blood flow (28,
29). Therefore, women after menopause may be exposed to an
increasing risk of severe stroke compared with men (30, 31).
Furthermore, microvascular damage due to renal impairment
and the absence of the protective effect of estrogen after
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Table V. Clinical characteristics of the study’s patients.

                                                                             eGFR<30 (n=32)                 30≤eGFR<60 (n=291)                eGFR≥60 (n=317)                      p-Value

Basic characteristics                                                                                                                                                                                                       
   Age (years)                                                             85 (77-88)                                81 (75-85)                                78 (71-83)                            <0.0001
   Male                                                                          8 (25%)                                  151 (52%)                                181 (57%)                              0.002
   Body weight (kg)                                              53.5 (44.3-63.5)                          55 (46.5-62)                          55.6 (47.9-63.2)                          0.10
   AF type (PAF)                                                           6 (2%)                                    98 (34%)                                 121 (39%)                              0.29
Risk stratification                                                                                                                                                                                                           
   CHADS2 score                                                          4 (2-5)                                      3 (2-4)                                      3 (2-4)                                 0.0004
   CHA2DS2-VASc score                                             6 (5-7)                                      5 (4-6)                                      4 (3-6)                               <0.0001
      Congestive heart failure                                      18 (56%)                                 105 (36%)                                 78 (25%)                             <0.0001
      Hypertension                                                        29 (91%)                                 229 (79%)                                249 (79%)                              0.26
      Diabetes mellitus                                                 12 (38%)                                  73 (25%)                                  96 (30%)                               0.18
      Prior cerebral infarction or TIA                         16 (50%)                                 143 (49%)                                134 (42%)                              0.21
      Vascular disease                                                   14 (44%)                                  72 (25%)                                  58 (18%)                               0.002
   Antiplatelet use                                                        7 (22%)                                   69 (24%)                                  45 (14%)                               0.04
   Dyslipidemia                                                           24 (75%)                                 165 (57%)                                200 (63%)                              0.06
Treatment                                                                                                                                                                                                                        
   OAC before onset                                                                                                                                                                                                     0.03
      None                                                                     15 (47%)                                 188 (65%)                                227 (72%)                                
      WF                                                                       10 (31%)                                  65 (22%)                                  51 (16%)                                 
      DOAC                                                                   7 (22%)                                   38 (13%)                                  39 (12%)                                 
   rt-PA thrombolysis                                                    3 (9%)                                    45 (15%)                                  45 (14%)                               0.18

Data are shown as medians (25th-75th percentiles) or n (%). Unit of eGFR is ml/min/1.73 m2. AF: Atrial fibrillation; PAF: paroxysmal AF; TIA:
transient ischemic attack; OAC: oral anticoagulant; WF: warfarin; DOAC: direct oral anticoagulant; rt-PA: recombinant tissue plasminogen activator.

Table VI. Comparisons of stroke severity on admission and outcomes at discharge among the three groups.

                                                                             eGFR<30 (n=32)                 30≤eGFR<60 (n=291)                eGFR≥60 (n=317)                      p-Value

NIHSS on admission                                                  12 (5-27)                                  11 (4-19)                                   9 (4-19)                                0.10
mRS at discharge                                                         4 (2-5)                                      3 (1-5)                                      2 (1-4)                                 0.007
Mortality                                                                      6 (19%)                                    25 (9%)                                    26 (8%)                                0.13
Period of hospitalization (days)                              69 (24-132)                              65 (16-114)                              62 (16-106)                             0.15

Data are shown as medians (25th-75th percentiles) or n (%). Unit of eGFR is ml/min/1.73m2. NIHSS: National Institutes of Health Stroke Scale;
mRS: modified Rankin Scale.



menopause may synergistically contribute to severe stroke and
unfavorable outcomes in female patients with CKD. However,
it cannot be completely excluded that stroke severity in male
L-CCr patients is underestimated because only a few patients
were included in this patient group (n=23).

Clinical implication. This study showed that patients with CES
with low CCr values, particularly female ones, had a poor
prognosis. Therefore, anticoagulation therapy should be ideally
administered to L-CCr patients with NVAF to prevent the
incidence of CES. However, as patients with CKD and NVAF
are at a high risk of not only cerebral infarction but also cerebral
hemorrhage, the use of OACs may often be hesitated in clinical
settings. Four phase III randomized controlled trials comparing
DOACs with warfarin in patients with NVAF excluded patients
with severe renal insufficiency (CCr <30 or <25 ml/min) (32-
35). Recently, the ELDERCARE-AF trial comparing edoxaban
(15 mg) with placebo in Japanese patients with NVAF aged ≥80
years bridged this gap (36). A subgroup analysis stratified
according to renal function showed that stroke/systemic
embolism was significantly reduced in the edoxaban group
compared with that in the placebo group in patients with CCr
values of 15 to <30 ml/min (HR=0.33; 95%CI=0.16-0.71;
p<0.01). However, major bleeding, mostly gastrointestinal
bleeding, was relatively higher in the edoxaban group than that
in the placebo group (HR=2.53; 95%CI=0.96-6.72; p=0.06)
(37). The administration of edoxaban may be an alternative for
patients with NVAF with low CCr values, although careful
attention should be paid to gastrointestinal bleeding.

Study limitations. This study has several limitations. First, this
was a single-center observational study, and therefore, the

generalizability of our results may be limited. However, we
studied consecutive patients during the study period and
evaluated the severity and functional outcomes of these patients,
thereby minimizing the biases caused by adopting an
observational study design. Second, we used the Cockcroft–
Gault equation to estimate the CCr as an indicator of renal
function. As we mentioned earlier, CCr based on this equation
is usually calculated to administer DOACs in patients with
NVAF. We believe that the linkage of CCr based on this
equation between stroke severity and DOAC administration
provides some clinical implications. Third, the effect of rt-PA
treatment on stroke severity and functional outcomes cannot be
completely excluded, despite the not so many patients. Finally,
the precise mechanisms by which female patients with CES, but
not male ones, with low CCr values develop a poor prognosis,
remain largely unknown. Further studies are clearly warranted.

Conclusion

Low CCr is a risk factor for severe stroke on admission and
unfavorable functional outcomes at discharge in female
Japanese patients with CES, but not in male patients.
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Table VII. Multivariate logistic regression analysis for stroke severity
on admission and outcomes at discharge.

                                             Odds ratio              95%CI                p-Value

NIHSS score on 
admission (≥8)                                                                                  
   eGFR≥60                          Reference                                              
   30≤eGFR<60                        1.20                 0.86-1.68                0.28
   eGFR<30                               1.41                 0.65-3.06                0.39
mRS score at 
discharge (≥3)                                                                                   
   eGFR≥60                          Reference                                              
   30≤eGFR<60                        1.25                 0.89-1.74                0.20
   eGFR<30                               2.96                 1.29-6.81                0.01

Odds ratios were calculated using the eGFR≥60 group as a reference
after adjustment for oral anticoagulant treatment, congestive heart
failure, hypertension, diabetes mellitus, and prior cerebral infarction or
transient ischemic attack. Unit of eGFR is ml/min/1.73 m2. CI
Confidence interval; NIHSS: the National Institutes of Health Stroke
Scale; mRS: modified Rankin Scale.

Table VIII. Multivariate logistic regression analysis for stroke severity
on admission and outcomes at discharge in each sex.

Male                                     Odds ratio              95%CI                p-Value

NIHSS score on 
admission (≥8)                                                                                  
   eGFR≥60                          Reference                                              
   30≤eGFR<60                        0.97                 0.61-1.53                0.88
   eGFR<30                               0.54                 0.12-2.44                0.43
mRS score at 
discharge (≥3)                                                                                   
   eGFR≥60                          Reference                                              
   30≤eGFR<60                        1.36                 0.85-2.17                0.20
   eGFR<30                               1.70                 0.40-7.32                0.47

Female                                 Odds ratio             95% CI                p-Value

NIHSS score on 
admission (≥8)                                                                                  
   eGFR≥60                          Reference                                              
   30≤eGFR<60                        1.47                 0.87-2.48                0.15
   eGFR<30                               1.42                 0.52-3.89                0.49
mRS score at 
discharge (≥3)                                                                                   
   eGFR≥60                          Reference                                              
   30≤eGFR<60                        1.04                 0.63-1.74                0.87
   eGFR<30                               2.25                 0.75-6.79                0.15

Odds ratios were calculated using the eGFR≥60 group as a reference
after adjustment for oral anticoagulant treatment, congestive heart
failure, hypertension, diabetes mellitus, and prior cerebral infarction or
transient ischemic attack. Unit of eGFR is ml/min/1.73 m2. CI:
Confidence interval; NIHSS: the National Institutes of Health Stroke
Scale, mRS; modified Rankin Scale.



Conflicts of Interest
Dr. Tomita received research funding from Boehringer Ingelheim,
Bayer, Daiichi-Sankyo, and Speakers’ Bureau/Honorarium from
Boehringer Ingelheim, Bayer, Daiichi-Sankyo, and Bristol-Myers
Squibb. Dr. Okumura received Speakers’ Bureau/Honorarium from
Boehringer Ingelheim, Bayer, Daiichi-Sankyo, Bristol-Myers Squibb,
and Pfizer. The rest of the Authors have no relevant disclosures.

Authors’ Contributions
Conception: Shuntaro Sakai, and Hirofumi Tomita. Study design:
Shuntaro Sakai, Joji Hagii, and Hirofumi Tomita. Date collection
and processing: Shuntaro Sakai, Joji Hagii, Shun Shikanai, Yuya
Sorimachi, Shogo Hamaura, Ken Yamazaki, Natsumi Yamada,
Hiroshi Shiroto, Shin Saito, Takaatsu Kamada, and Shingo
Takanashi. Article writing: Shuntaro Sakai. Critical review: Joji
Hagii, Ken Okumura, and Hirofumi Tomita.

Acknowledgements
The Authors are grateful to Mrs. Haruka Tonosaki for her excellent
technical support.

References
1 Toyoda K and Ninomiya T: Stroke and cerebrovascular diseases in

patients with chronic kidney disease. Lancet Neurol 13(8): 823-833,
2014. PMID: 25030514. DOI: 10.1016/S1474-4422(14)70026-2

2 Akao M, Chun YH, Wada H, Esato M, Hashimoto T, Abe M,
Hasegawa K, Tsuji H, Furuke K and Fushimi AF Registry
Investigators: Current status of clinical background of patients
with atrial fibrillation in a community-based survey: the Fushimi
AF Registry. J Cardiol 61(4): 260-266, 2013. PMID: 23403369.
DOI: 10.1016/j.jjcc.2012.12.002

3 Lee M, Saver JL, Chang KH, Liao HW, Chang SC and
Ovbiagele B: Low glomerular filtration rate and risk of stroke:
meta-analysis. BMJ 341: c4249, 2010. PMID: 20884696. DOI:
10.1136/bmj.c4249

4 Ninomiya T, Perkovic V, Verdon C, Barzi F, Cass A, Gallagher
M, Jardine M, Anderson C, Chalmers J, Craig JC and Huxley R:
Proteinuria and stroke: a meta-analysis of cohort studies. Am J
Kidney Dis 53(3): 417-425, 2009. PMID: 19070947. DOI:
10.1053/j.ajkd.2008.08.032

5 Cockcroft DW and Gault MH: Prediction of creatinine clearance
from serum creatinine. Nephron 16(1): 31-41, 1976. PMID:
1244564. DOI: 10.1159/000180580

6 Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K,
Yamagata K, Tomino Y, Yokoyama H, Hishida A and
Collaborators developing the Japanese equation for estimated
GFR: Revised equations for estimated GFR from serum
creatinine in Japan. Am J Kidney Dis 53(6): 982-992, 2009.
PMID: 19339088. DOI: 10.1053/j.ajkd.2008.12.034

7 Neugarten J, Acharya A and Silbiger SR: Effect of gender on the
progression of nondiabetic renal disease: a meta-analysis. J Am
Soc Nephrol 11(2): 319-329, 2000. PMID: 10665939. DOI:
10.1681/ASN.V112319

8 Werner KB, Elmståhl S, Christensson A and Pihlsgård M: Male
sex and vascular risk factors affect cystatin C-derived renal
function in older people without diabetes or overt vascular

disease. Age Ageing 43(3): 411-417, 2014. PMID: 24321840.
DOI: 10.1093/ageing/aft191

9 Arboix A and Alio J: Acute cardioembolic cerebral infarction:
answers to clinical questions. Curr Cardiol Rev 8(1): 54-67,
2012. PMID: 22845816. DOI: 10.2174/157340312801215791

10 Tomita H, Sasaki S, Hagii J and Metoki N: Covert atrial
fibrillation and atrial high-rate episodes as a potential cause of
embolic strokes of undetermined source: Their detection and
possible management strategy. J Cardiol 72(1): 1-9, 2018.
PMID: 29609876. DOI: 10.1016/j.jjcc.2018.03.002

11 Tomita H, Hagii J, Metoki N, Saito S, Shiroto H, Hitomi H,
Kamada T, Seino S, Takahashi K, Sasaki S, Yasujima M and
Okumura K: Severity and functional outcome of patients with
cardioembolic stroke occurring during non-vitamin K
antagonist oral anticoagulant treatment. J Stroke Cerebrovasc
Dis 24(6): 1430-1437, 2015. PMID: 25843224. DOI:
10.1016/j.jstrokecerebrovasdis.2015.03.004

12 Eriksson M, Glader EL, Norrving B, Terént A and Stegmayr B: Sex
differences in stroke care and outcome in the Swedish national
quality register for stroke care. Stroke 40(3): 909-914, 2009. PMID:
19118246. DOI: 10.1161/STROKEAHA.108.517581

13 Irie F, Kamouchi M, Hata J, Matsuo R, Wakisaka Y, Kuroda J,
Ago T, Kitazono T and FSR Investigators: Sex differences in
short-term outcomes after acute ischemic stroke: the fukuoka
stroke registry. Stroke 46(2): 471-476, 2015. PMID: 25550372.
DOI: 10.1161/STROKEAHA.114.006739

14 Roquer J, Campello AR and Gomis M: Sex differences in first-
ever acute stroke. Stroke 34(7): 1581-1585, 2003. PMID:
12805490. DOI: 10.1161/01.STR.0000078562.82918.F6

15 Tomita H, Hagii J, Metoki N, Saito S, Shiroto H, Hitomi H,
Kamada T, Seino S, Takahashi K, Baba Y, Sasaki S, Uchizawa
T, Iwata M, Matsumoto S, Shoji Y, Tanno T, Osanai T, Yasujima
M and Okumura K: Impact of sex difference on severity and
functional outcome in patients with cardioembolic stroke. J
Stroke Cerebrovasc Dis 24(11): 2613-2618, 2015. PMID:
26341732. DOI: 10.1016/j.jstrokecerebrovasdis.2015.07.016

16 Go AS, Chertow GM, Fan D, McCulloch CE and Hsu CY:
Chronic kidney disease and the risks of death, cardiovascular
events, and hospitalization. N Engl J Med 351(13): 1296-1305,
2004. PMID: 15385656. DOI: 10.1056/NEJMoa041031

17 Kodani E, Atarashi H, Inoue H, Okumura K, Yamashita T,
Origasa H and J-RHYTHM Registry Investigators: Impact of
creatinine clearance on outcomes in patients with non-valvular
atrial fibrillation: a subanalysis of the J-RHYTHM Registry. Eur
Heart J Qual Care Clin Outcomes 4(1): 59-68, 2018. PMID:
28950373. DOI: 10.1093/ehjqcco/qcx032

18 Kumai Y, Kamouchi M, Hata J, Ago T, Kitayama J, Nakane H,
Sugimori H, Kitazono T and FSR Investigators: Proteinuria and
clinical outcomes after ischemic stroke. Neurology 78(24):
1909-1915, 2012. PMID: 22592359. DOI: 10.1212/WNL.
0b013e318259e110

19 Yahalom G, Schwartz R, Schwammenthal Y, Merzeliak O,
Toashi M, Orion D, Sela BA and Tanne D: Chronic kidney
disease and clinical outcome in patients with acute stroke. Stroke
40(4): 1296-1303, 2009. PMID: 19182072. DOI: 10.1161/
STROKEAHA.108.520882

20 Wang IK, Liu CH, Yen TH, Jeng JS, Sung SF, Huang PH, Li JY,
Sun Y, Wei CY, Lien LM, Tsai IJ, Sung FC, Hsu CY and Taiwan
Stroke Registry Investigators: Renal function is associated with
1-month and 1-year mortality in patients with ischemic stroke.

in vivo 37: 336-344 (2023)

343



Atherosclerosis 269: 288-293, 2018. PMID: 29254692. DOI:
10.1016/j.atherosclerosis.2017.11.029

21 El Husseini N, Fonarow GC, Smith EE, Ju C, Schwamm LH,
Hernandez AF, Schulte PJ, Xian Y and Goldstein LB: Renal
dysfunction is associated with poststroke discharge disposition
and in-hospital mortality: findings from get with the guidelines-
stroke. Stroke 48(2): 327-334, 2017. PMID: 28034963. DOI:
10.1161/STROKEAHA.116.014601

22 Yeh SJ, Jeng JS, Tang SC, Liu CH, Hsu SP, Chen CH, Lien LM,
Lin HJ, Chen CM, Lin RT, Lee SP, Lin CH, Yeh CH, Sun Y, Sun
MH, Yin JH, Lin CC, Wen CP, Tsai LK, Sung FC, Hsu CY and
Taiwan Stroke Registry Investigators: Low estimated glomerular
filtration rate is associated with poor outcomes in patients who
suffered a large artery atherosclerosis stroke. Atherosclerosis
239(2): 328-334, 2015. PMID: 25682031. DOI: 10.1016/
j.atherosclerosis.2015.01.038

23 Miwa K, Koga M, Nakai M, Yoshimura S, Sasahara Y, Koge J,
Sonoda K, Ishigami A, Iwanaga Y, Miyamoto Y, Kobayashi S,
Minematsu K, Toyoda K and Japan Stroke Data Bank
Investigators: Etiology and outcome of ischemic stroke in
patients with renal impairment including chronic kidney disease:
Japan Stroke Data Bank. Neurology 98(17): e1738-e1747, 2022.
PMID: 35260440. DOI: 10.1212/WNL.0000000000200153

24 Hagii J, Metoki N, Saito S, Fujita A, Shiroto H, Sasaki S,
Takahashi K, Hitomi H, Baba Y, Seino S, Kamada T, Uchizawa
T, Iwata M, Matsumoto S, Yasujima M and Tomita H: Low body
mass index is a poor prognosis factor in cardioembolic stroke
patients with nonvalvular atrial fibrillation. J Stroke Cerebrovasc
Dis 27(11): 3155-3162, 2018. PMID: 30093200. DOI: 10.1016/
j.jstrokecerebrovasdis.2018.07.002

25 O’Rourke MF and Safar ME: Relationship between aortic
stiffening and microvascular disease in brain and kidney: cause
and logic of therapy. Hypertension 46(1): 200-204, 2005. PMID:
15911742. DOI: 10.1161/01.HYP.0000168052.00426.65

26 Tsagalis G, Akrivos T, Alevizaki M, Manios E, Stamatellopoulos
K, Laggouranis A and Vemmos KN: Renal dysfunction in acute
stroke: an independent predictor of long-term all combined
vascular events and overall mortality. Nephrol Dial Transplant
24(1): 194-200, 2009. PMID: 18728156. DOI: 10.1093/ndt/gfn471

27 Ito S, Nagasawa T, Abe M and Mori T: Strain vessel hypothesis:
a viewpoint for linkage of albuminuria and cerebro-
cardiovascular risk. Hypertens Res 32(2): 115-121, 2009. PMID:
19262469. DOI: 10.1038/hr.2008.27

28 Maeda K, Toyoda K, Minematsu K, Kobayashi S and Japan
Standard Stroke Registry Study Group: Effects of sex difference
on clinical features of acute ischemic stroke in Japan. J Stroke
Cerebrovasc Dis 22(7): 1070-1075, 2013. PMID: 22939200.
DOI: 10.1016/j.jstrokecerebrovasdis.2012.07.006

29 Krause DN, Duckles SP and Pelligrino DA: Influence of sex
steroid hormones on cerebrovascular function. J Appl Physiol
(1985) 101(4): 1252-1261, 2006. PMID: 16794020. DOI: 10.1152/
japplphysiol.01095.2005

30 Lisabeth L and Bushnell C: Stroke risk in women: the role of
menopause and hormone therapy. Lancet Neurol 11(1): 82-91,
2012. PMID: 22172623. DOI: 10.1016/S1474-4422(11)70269-1

31 Shekhar S, Travis OK, He X, Roman RJ and Fan F: Menopause
and ischemic stroke: a brief review. MOJ Toxicol 3(4): 00059,
2017. PMID: 28936482. DOI: 10.15406/mojt.2017.03.00059

32 Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J,
Parekh A, Pogue J, Reilly PA, Themeles E, Varrone J, Wang S,
Alings M, Xavier D, Zhu J, Diaz R, Lewis BS, Darius H, Diener
HC, Joyner CD, Wallentin L and RE-LY Steering Committee and
Investigators: Dabigatran versus warfarin in patients with atrial
fibrillation. N Engl J Med 361(12): 1139-1151, 2009. PMID:
19717844. DOI: 10.1056/NEJMoa0905561

33 Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W,
Breithardt G, Halperin JL, Hankey GJ, Piccini JP, Becker RC,
Nessel CC, Paolini JF, Berkowitz SD, Fox KA, Califf RM and
ROCKET AF Investigators: Rivaroxaban versus warfarin in
nonvalvular atrial fibrillation. N Engl J Med 365(10): 883-891,
2011. PMID: 21830957. DOI: 10.1056/NEJMoa1009638

34 Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek
EM, Hanna M, Al-Khalidi HR, Ansell J, Atar D, Avezum A,
Bahit MC, Diaz R, Easton JD, Ezekowitz JA, Flaker G, Garcia
D, Geraldes M, Gersh BJ, Golitsyn S, Goto S, Hermosillo AG,
Hohnloser SH, Horowitz J, Mohan P, Jansky P, Lewis BS,
Lopez-Sendon JL, Pais P, Parkhomenko A, Verheugt FW, Zhu J,
Wallentin L and ARISTOTLE Committees and Investigators:
Apixaban versus warfarin in patients with atrial fibrillation. N
Engl J Med 365(11): 981-992, 2011. PMID: 21870978. DOI:
10.1056/NEJMoa1107039

35 Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD,
Halperin JL, Waldo AL, Ezekowitz MD, Weitz JI, Špinar J,
Ruzyllo W, Ruda M, Koretsune Y, Betcher J, Shi M, Grip LT,
Patel SP, Patel I, Hanyok JJ, Mercuri M, Antman EM and
ENGAGE AF-TIMI 48 Investigators: Edoxaban versus warfarin
in patients with atrial fibrillation. N Engl J Med 369(22): 2093-
2104, 2013. PMID: 24251359. DOI: 10.1056/NEJMoa1310907

36 Okumura K, Akao M, Yoshida T, Kawata M, Okazaki O, Akashi
S, Eshima K, Tanizawa K, Fukuzawa M, Hayashi T, Akishita M,
Lip GYH, Yamashita T and ELDERCARE-AF Committees and
Investigators: Low-dose edoxaban in very elderly patients with
atrial fibrillation. N Engl J Med 383(18): 1735-1745, 2020.
PMID: 32865374. DOI: 10.1056/NEJMoa2012883

37 Yoshida T, Nakamura A, Funada J, Amino M, Shimizu W, Fukuzawa
M, Watanabe S, Hayashi T, Yamashita T, Okumura K and Akao M:
Efficacy and safety of edoxaban 15 mg according to renal function
in very elderly patients with atrial fibrillation: a subanalysis of the
ELDERCARE-AF trial. Circulation 145(9): 718-720, 2022. PMID:
35226559. DOI: 10.1161/CIRCULATIONAHA.121.057190

Received October 18, 2022
Revised October 30, 2022

Accepted November 1, 2022

Sakai et al: Creatinine Clearance in Cardioembolic Stroke

344


