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ORIGINAL ARTICLE
MEASUREMENT OF ESTIMATED GLOMERULAR FILTRATION RATE IS
USEFUL IN STROKE PATIENTS

Yu Kitajima"?, Hideaki Yamabe”, and Minoru Yasujima®

Abstract Background: Chronic kidney disease (CKD) is a major worldwide public health problem. Although CKD
is widely known to cause stroke, evaluation of renal function in stroke patients is difficult.

Purpose: We aimed to determine the prevalence of CKD in stroke patients and demonstrate the validity of estimated
glomerular filtration rate (eGFR) measurement to assess renal function in patients after stroke.

Subjects and Methods: We examined the prevalence of CKD in 545 stroke patients and assessed correlations between
eGFR and biochemical data, prevalence of hypertension, diabetes mellitus, hypercholesterolemia, and atrial fibrillation
(AF).

Results: Of the 545 patients, 178 (32.8%) had CKD with a low eGFR (<60 mL/min/1.73 m?). eGFR was negatively
correlated with age, serum uric acid and creatinine concentrations, and positively correlated with hemoglobin
levels. Moreover, eGFR was correlated with the prevalence of hypertension and AF, but not diabetes mellitus or
hypercholesterolemia.

Conclusions: High prevalence of CKD was observed in stroke patients. Measurement of eGFR can be useful in
evaluating renal function in stroke patients.
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Introduction

Chronic kidney disease (CKD) is a major
worldwide public health concern as it is
associated with adverse outcomes such as
kidney failure, cardiovascular disease (CVD),
and premature death”. The number of patients
with CKD is increasing despite recent progress
in biomedical sciences. The global prevalence of
CKD is estimated to be as high as 500 million®
Y and in Japan, there are approximately 13.3
million patients with CKD. Many prospective
epidemiologic studies have shown that patients
with CKD have high risk of developing CVD
and stroke, although CKD is not considered a
conventional cardiovascular risk factor”®. Early
detection and early treatment of CKD are thus
important.

Few studies have reported on the relationship
between renal function and stroke. Accurate
assessment of renal function is very important in
providing proper medical treatment and nursing
care; however, an evaluation of renal function is
difficult in stroke patients, due to the presence
of post-void residual urine associated with
neurological disorders. Moreover, it is difficult
for elderly patients to collect urine samples in
a timed manner, and thus a clearance test is
not easily performed to assess renal function.
Recently, estimated glomerular filtration rate
(eGFR), an easily calculated and useful staging
index of CKD proposed by the Japanese Society
of Nephrology, was recommended for use in
renal function evaluations. An appropriate
evaluation of renal function in stroke patients
will help promote better nursing care,
diet, exercise, daily life guidance, and self-
management, but the difficulty lies in comparing
eGFR values with clearance test results in these
patients.

The purpose of this study was to determine
the associations between eGFR and various
data in stroke patients, and to demonstrate the

prevalence of CKD as well as the validity of
eGFR measurement.

Subjects and Methods

Subjects

Between June 2012 and February 2013,
545 patients (mean age * SD, 72.3 = 12.3
years; men, 55.0%) who presented with stroke
symptoms within two months were treated
at the Hirosaki Stroke and Rehabilitation
Center. Data including medical history, current
medication use, and clinical symptoms were
collected using patient medical records from the
time of hospitalization.

Measurements

In each patient, eGFR was calculated based
on the serum creatinine value (S-Cr) and age
using the abbreviated Modification of Diet
in Renal Disorder (MDRD) Study equation
modified for Japanese subjects, and further
improved by including insulin clearance, as
follows”:

if male: eGFR (mL/min/1.73 m?) =194 X

Cr-l.()94 XAge—O.287

if female: eGFR (mL/min/1.73 m®) =194 x

Cr*L094 XAge*OAZEW X 0739
Although eGFR is a simple method, the
accuracy is high and values fall within the
actual GFR value = 30% measured in 75% of
patients”.

We examined the prevalence of CKD among
our patients. CKD criteria consist of findings
that suggest renal injury, such as abnormal
urinalysis, abnormal renal imaging, abnormal
blood biochemistry, abnormal renal histology,
and low GFR (<60 mL/min/1.73 m*)¥. In this
study, urinalysis was not carried out in many
patients, and patients with only a decrease in
eGFR (<60 mL/min/1.73 m*) were defined as
having CKD.

We examined correlations between eGFR
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and age, hemoglobin levels, and serum uric acid
and creatinine concentrations.

We divided patients according to their eGFR
values and compared various data between
groups with eGFR >60 mL/min/1.73 m* and <60
mL/min/1.73 m? between groups with eGFR
>50 mL/min/1.73 m® and <50 mL/min/1.73 m?
and between groups with >40 mL/min/1.73 m®
and <40 mL/min/1.73 m®.

Hypertension was defined as high blood
pressure with a systolic blood pressure
>140 mmHg or diastolic blood pressure >90
mmHg; patients who were treated with anti-
hypertensive agents or those with a history of
hypertension were also included.

Diabetes mellitus was defined as a plasma
glucose level >200 mg/dL and HbAlc (NGSP)
>6.5%. Patients with a history of diabetic
treatment were also considered to have diabetes
mellitus.

Hypercholesterolemia was defined as a serum
cholesterol >220 mg/dL, high-density lipoprotein
cholesterol (HDL) <40 mg/dL, or low-density
lipoprotein cholesterol (LDL) >140 mg/dL.
Patients with a history of hypercholesterolemia
treatment were also considered to have
hypercholesterolemia.

Atrial fibrillation (AF) was defined as presence
of AF in electro cardiogram. Patients with a
history of AF treatment were also considered to
have AF.

Statistical analyses

Data are expressed as mean = SD unless
otherwise indicated. The unpaired t-test or
unpaired Mann-Whitney test was used to
evaluate differences in mean values, and the chi-
square test was used to evaluate differences in
proportions. Correlation analysis was performed
to examine the relationships between renal
deterioration and associated factors. P<0.05 was
considered statistically significant. All statistical
analyses were performed using SPSS version 21

software (SAS Institute Inc., Cary, NC).

Ethical Considerations

The study protocols were approved by the
Ethics Committee of Hirosaki University, and
patient informed consent was waived.

Results

The characteristics of 545 patients are shown
in Table 1. Of the 545 patients, 455 (83.5%)
were over 60 years of age, 470 (86.2%) had
hypertension, 178 (32.7%) had diabetes mellitus,
337 (61.8%) had hypercholesterolemia, 152
(27.9%) had atrial fibrillation (AF), and 178
(32.7%) had a low eGFR <60 mL/min/1.73 m®
The types of stroke were ischemic stroke in
413 (75.8%), intracerebral hemorrhage in 103
(18.9%), and others in 29 (5.3%). Two hundred

Table 1 Patient characteristics

Total nunber of subjects n=545(%)
Sex (male) 300(55.0)
Age (years) 723+123
30-39 4(0.7)
40-49 25(4.6)
50-59 61(11.2)
60-69 107(19.6)
70-79 164(30.1)
80-89 163(29.9)
90-95 21(39)
Hypertension 470(86.2)
Diabetes 178(32.7)
Hypercholesterolemia 337(61.8)
AF 152(27.9)
BMI (kg/m? 22.87 39
Uric acid (mg/dL) 547 18
Hemoglobin (g/dL) 1357 =21
Serum albumin (g/dL) 412+18
eGFR (ml/min/1.73 m®) 68.36 +22.1
Serum creatinine (mg/dL) 0.87 =0.6
eGFR (ml/min/1.73 m?)
>60 367(67.3)
<60 178(32.7)
Stroke type
Ischemic stroke 413(75.8)
Intracerebral hemorrhage 103(18.9)
Other 29(5.3)
Medical history of stroke 220(40.4)
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Figure 1. Correlation between eGFR and age (A), hemoglobin (B), uric acid (C), and serum creatinine (D).

and twenty (40.4%) patients had a history of
previous stroke.

Of the 545 patients, 178 (32.8%) had CKD
with a low eGFR (<60 mL/min/1.73 m?).

Correlations between eGFR and age,
hemoglobin levels, uric acid concentrations, and
serum creatinine levels are shown in Figure 1.
eGFR was negatively correlated with age (Fig
1A), uric acid concentrations (Fig 1C), and
serum creatinine levels (Fig 1D), and positively
correlated with hemoglobin levels (Fig 1B).

Comparisons between the group with eGFR
>60 mL/min/1.73 m* and the group with eGFR
<60 mL/min/1.73 m® are shown in Table 2. The
group with lower eGFR (<60 mL/min/1.73 m?)
showed a higher median age (71.0 vs. 80.0 year,

p<0.001), higher prevalence of AF (22.3% vs.
39.3%, p<0.001), higher concentration of uric
acid (5.0 mg/dL vs. 6.0 mg/dL, p<0.001), and
lower level of hemoglobin (139 g/dL vs. 13.0
g/dL) than the group with higher eGFR (=60
mL/min/1.73 m?). There were no significant
differences in sex, body mass index (BMI),
prevalence of diabetes mellitus, hypertension,
hypercholesterolemia, history of previous stroke,
and HbAlc levels between the two groups.
Comparisons between the group with eGFR
>50 mL/min/1.73 m® and the group with eGFR
<50 mL/min/1.73 m® are shown in Table 3. The
group with lower eGFR (<50 mL/min/1.73 m®)
showed a higher median age (73.0 vs. 81.0 year,
p<0.001), higher prevalence of hypertension
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Table 2 Comparison of baseline characteristics of subjects between eGFR
>60 mL/min/1.73 m* and < 60 mL/min/1.73 m”.

eGFR (mL/min/1.73 m?)

>60 <60
n=367 n=178 P value
Median age (years) 71.0 80.0
(61.0-790)  (738-84.0) <0001
Sex (Male)® 208 92
%) (6567 sL7) %2
BMI (kg/m?) 22.8 224 0126
(205-250)  (19.7-25.0) ’
Hypertension® 310 160
(%) (845) (89.9) 0.085
Diabetes mellitus® 121 57
%) (330) (320) 0825
Hypercholesterolemia® 226 111 0.861
(%) (61.6) (624) ’
AF* 82 70
%) (223 (303 <000
Medical history of stroke® 145 75 0558
(%) (395) (42.1) ’
HbAlc (%) 59 5.9
(56-63)  (55-633) 0%
Total protein (g/dL) 7.0 7.0 0128
(66—-74) (6.6—7.33) ’
Hemoglobin (g/dL) 139 130
(125-152)  (16-143) 000
Serum creatinine (mg/dL) 0.69 1.01
(059-080)  (0.84-1.28) <0001
Uric acid (mg/dL) 5.0 6.0
(40-62)  (g-74) <000

Mann-Whitney test
’Chi-square tests

(84.6% vs. 93.2%, p=0.023), higher prevalence
of AF (24.7% vs. 41.7%, p<0.001), higher
concentration of uric acid (5.0 mg/dL vs. 6.8
mg/dL, p<0.001), and lower level of hemoglobin
(139 g/dL vs. 124 g/dL, p<0.001) than the
group with higher eGFR (50 mL/min/1.73
m?). There were no significant differences
in sex, BMI, prevalence of diabetes mellitus,
hypercholesterolemia, history of previous stroke,
and HbAlc levels between these two groups.
Comparisons between the group with eGFR
>40 mL/min/1.73 m® and the group with eGFR
<40 mL/min/1.73 m* are shown in Table 4. The
group with lower eGFR (<40 mL/min/1.73 m®)
showed a higher median age (74.0 vs. 81.0 year,
p<0.001), higher prevalence of hypertension

(85.3% vs. 95.7%, p=0.048), higher concentration
of uric acid (5.1 mg/dL vs. 7.1 mg/dL, p<0.001),
and lower level of hemoglobin than the
group with higher eGFR (>40 mL/min/1.73
m?). There were no significant differences
in sex, BMI, prevalence of diabetes mellitus,
hypercholesterolemia, AF, history of previous
stroke, total protein, and HbAlc levels between
these groups.

Discussion

CKD criteria consist of findings that suggest
renal injury, such as abnormal urinalysis,
abnormal renal imaging, abnormal blood
biochemistry, abnormal renal histology, and low
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Table 3 Comparison of baseline characteristics of subjects between eGFR
>50 mL/min/1.73 m* and < 50 mL/min/1.73 m’.

eGFR (mL/min/1.73 m?)

>50 <50
n=442 n=103 P value
Median age (years) 73.0 81.0
(62.0-280.0) (74.0-85.0) < 0001
Sex (Male)® 246 54
(%) (55.7) (524) 0.553
BMI (kg/m?) 22.8 22.1 0102
(204 -25.0) (19.6—-249) ’
Hypertension® 374 96
%) (846) (932) 0.023
Diabetes® 146 32
%) (330) (311) 0.702
Hypercholesterolemia® 275 62 0703
(%) (62.2) (60.2) ’
AF* 109 43
%) (@47 a1y <000
Medical history of stroke® 175 45 0445
(%) (39.6) (43.7) :
HbAlc (%) 59 59
(56-63)  (6-64) 7%
Total protein (g/dL) 7.0 6.9 0021
(67-74) (65-173) ’
Hemoglobin (g/dL) 139 124
(124-152) (14-137) 000
Serum creatinine (mg/dL) 0.71 0.77
(061-083)  (0.64-092) < 0001
Uric acid (mg/dL) 5.0 6.8
(41-62  (2-79) <000

Mann-Whitney test
’Chi-square tests

GFR (<60 mL/min/1.73 m*¥. Recently, eGFR
has been used as GFR, given a good correlation
between eGFR and actual measured GFR
values”. In this study, urinalysis was not carried
out In many patients, and patients with only a
decrease in eGFR (<60 mL/min/1.73 m®) were
defined as having CKD.

Renal function is a very important barometer
of health that medical staff members need to
know in order to determine appropriate diet
therapy, patient guidance, degree of physical
activity, and amount of medicine. In stroke
patients, a clearance test is very difficult to
perform due to the presence of post-void
residual urine and problems associated with
collection of a timed urine specimen. Therefore,

measurement of eGFR to assess renal function
can be very useful in clinical settings.

Low eGFR (<60 mL/min/1.73 m?) is an
independent risk factor for ischemic and
hemorrhagic stroke, with a relative risk of
14 to 2.0%%. In this study, the prevalence of
low eGFR (<60 mL/min/1.73 m® was 32.7%,
which is much higher than that in the general
Japanese population (6.8%)”, and close to the
reported prevalence (29.7%) among acute
stroke patients. Moreover, the prevalence of low
eGFR (<60 mL/min/1.73 m*) was significantly
correlated with age, as previously reportedw). In
this study, eGFR was negatively correlated with
age In stroke patients, and positively correlated
with hemoglobin levels. Renal anemia is known
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Table 4 Comparison of baseline characteristics of subjects between eGFR
>40 mL/min/m” and <40 mL/min/m®

eGFR (mL/min/1.73 m?)

>40 <40
n=498 n=47 P value
Median age (years) 74.0 81.0
63-8)  (14-g5) 0001
Sex (Male)® 273 27
%) (G48) s74) O
BMI (kg/m?) 22.8 22.1 0.384
(20.3-25.0) (19.7-25.1) ’
Hypertension® 425 45
%) (853 (95.7) 0.048
Diabetes® 163 15
%) (327) (319) 0.909
Hypercholesterolemia® 309 28 0185
(%) (620 ) (59.6) ‘
AF* 135 17
%) @) (362) 0.185
Medical history of stroke® 196 24 0.188
(%) (39.4) (51.1) ’
HbAlc (%) 59 59
(56—-64) (54-6.2) 0435
Total protein (g/dL) 7.0 6.9 0.101
(66—-74) (64-173) ’
Hemoglobin (g/dL) 138 116
(124-15.0) (102-13.1) <0001
Serum creatinine (mg/dL) 0.74 158
(062-087)  (144-211) <0001
Uric acid (mg/dL) 5.1 71
(42-64)  (59-83 o0

Mann-Whitney test
’Chi-square tests

to progress as renal function decreases, as
renal injury leads to abnormal erythropoietin
production and decreased red blood cells.

The concentration of uric acid was negatively
correlated with eGFR, similar to the results of
previous studies. Uric acid is the most sensitive
marker of renal impairment. Hyperuricacidemia
first appears with a decline in renal function.
Thus, eGFR properly reflects renal function in
stroke patients, as well as in other diseases.

The prevalence of AF or hypertension was
significantly higher in patients with a low eGFR.
Several clinical and population-based studies
have shown that the prevalence of AF is
independently associated with decreased eGFR'"
3 A recent study reported that decreased

eGFR is associated with an increased risk of
subsequent new AF onset in a large-scale
community-based cohort".

The presence of AF could be related to
cardiogenic cerebral embolism. Hypertension is
closely related to renal function. The prevalence
of hypertension increases as renal function
decreases, while hypertension itself decreases
renal function. In this study, the prevalence of
hypertension increased with a decrease in eGFR
in stroke patients. However, it remains unknown
whether hypertension caused a decrease in
eGFR, or decreased eGFR induced hypertension.
Elderly patients showed decreased eGFR;
therefore, age may be related to the high
prevalence of hypertension.



72 Y. Kitajima, et al.

The prevalence of hypercholesterolemia and
diabetes mellitus had no significant effect on
eGFR.

Rule and Glassock described criteria for
choosing the best equation to estimate GFR,
which are 1) accuracy in estimating a measured
GFR; 2) optimal discrimination of clinical
outcomes; and 3) association with CKD risk
factors and outcomes similar to that of measured
GFR. Therefore, we think that measurement of
eGFR in stroke patients can be validated".

In conclusion, the prevalence of CKD
was about 30% in stroke patients, which
was significantly higher than that in the
general population. eGFR correlated with
age, hemoglobin levels, serum uric acid
concentrations, and the prevalence of
hypertension and AF in stroke patients.
Therefore, low eGFR is thought to reflect risk of
arteriosclerosis in stroke patients. Measurement
of eGFR is thus useful in evaluating renal
function in stroke patients, based on which
appropriate care can be provided.
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