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Abstract:
Objective We recently reported a novel score for the detection of glomerular filtration rate (GFR) overesti-

mation using a creatinine-based equation. We examined the utility of this score in patients with cardiovascu-

lar/renal diseases and diabetes mellitus.

Methods We enrolled 1,425 patients (65±15 years old; 37% women) who were admitted to our hospital for

the management of cardiovascular and renal diseases and their risk factors. Overestimation of the GFR (OE)

was defined as a creatinine-based GFR (eGFRcre) �120% of the cystatin C-based estimated GFR. The OE

score was calculated as the sum of the scores for the body weight, hemoglobin concentration, and blood urea

nitrogen (BUN)/serum creatinine (Scr), totaling 1 point if the body weight was <63.0 kg in men or <42.0 kg

in women, 1 point if the hemoglobin concentration was <12.4 g/dL in men or <11.0 g/dL in women, and 1

point if the BUN/Scr was >26.5.

Results The proportion of patients with OE was 14.2%. The score predicted OE with a sensitivity of 70.8%

and a specificity of 99.6%, and the sensitivity was increased in patients �75 years old (88.3%) and decreased

in diabetics (58.6%). When patients were divided into subgroups by the total score, the frequencies of OE

were 8% (59/754), 14% (72/502), 38% (58/151), and 72% (13/18) in patients with scores of 0, 1, 2, and 3,

respectively.

Conclusion The OE score is useful for detecting elderly cases of cardiovascular and renal diseases in which

eGFRcre overestimates the GFR, although its utility is limited in diabetics.
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Introduction

The accurate assessment of the renal function is crucial

for making a diagnosis of and staging chronic kidney dis-

ease (CKD), selecting pharmacological agents, determining

drug dosages and predicting the prognosis in patients with

cardiovascular and renal diseases and risk factors for these

diseases, such as hypertension, dyslipidemia, and diabetes

mellitus (DM) (1). CKD is also frequently found in cancer

patients, and chemotherapy and molecular-targeted therapy

are associated with a risk of overt/subclinical kidney injury.
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Figure　1.　Inclusion of patients and the assessment of OE of the GFR. (a) Flow chart of the inclusion 
of study subjects. (b) Scatter plot showing discordance between eGFRcre and eGFRcys. OE of the 
eGFR by the eGFRcre was defined in cases with an eGFRcre ≥120% of the eGFRcys. Patients were 
classified into an OE group and a non-OE group. Black dots, OE group. Gray dots, non-OE group. 
CRP: C-reactive protein, CKD: chronic kidney disease, AKI: acute kidney injury, GFR: glomerular 
filtration rate, eGFRcre: creatinine-based estimated glomerular filtration rate, eGFRcys: cystatin 
C-based estimated glomerular filtration rate 
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If the dosages of such therapy are not adjusted to within the

optimal ranges for the renal function, it can lead to ex-

tremely poor outcomes, including the development and pro-

gression of CKD (2). Thus, an accurate evaluation of the re-

nal function is important in the complicated environment of

a daily clinical setting.

The glomerular filtration rate (GFR), which is the rate of

clearance of a substance from blood into urine, is the most

acceptable indicator of the glomerular function (3, 4). Serum

creatinine (Scr), a product of creatine phosphate from mus-

cle, and serum cystatin C, an endogenous protease inhibitor

derived from all nucleated cells, are currently used for the

GFR measurement, since both substances are considered

good indicators of the GFR, as they are freely filtered at the

glomerulus, and not reabsorbed by the renal tubule, although

slight secretion of Scr by the renal tubule occurs (3, 4).

At present, the creatinine-based estimated glomerular fil-

tration rate (eGFRcre) is the most widely used indicator for

the estimation of the renal function in a daily clinical set-

ting (3, 4). However, the eGFRcre in elderly people and

lean patients is frequently higher than the cystatin C-based

estimated glomerular filtration rate (eGFRcys), since the

plasma appearance of creatinine is reduced in people with a

reduced muscle mass (3-8). Since the measurement of cysta-

tin C is more costly than that of Scr, it is not commonly in-

cluded in routine examinations (4, 9). Therefore, a tool for

identifying patients whose eGFR needs to be measured us-

ing cystatin C is likely to be useful in daily clinical practice.

A score for predicting GFR overestimation (OE) due to

the use of Scr was developed in an earlier study, in which

many participants with a body mass index (BMI) of �30 kg/

m2 and participants of various races were included (10). We

recently devised our own OE score to screen for cases with

OE by the eGFRcre among heart failure (HF) patients (4).

In addition to the skeletal muscle mass measured by dual-

energy X-ray absorptiometry, the body weight, hemoglobin

level, and ratio of blood urea nitrogen (BUN) to Scr were

shown to be independent predictors of OE (4). A score for

the prediction of OE, composed of the body weight, hemo-

globin level, and ratio of BUN to Scr, predicted OE with a

good sensitivity (97.1%) and a good specificity (98.1%)

among HF patients.

The present study investigated whether or not the OE

score is applicable not only for HF patients but also for pa-

tients with cardiovascular and renal diseases and the associ-

ated risk factors.

Materials and Methods

This study was conducted in strict adherence with the

principles of the Declaration of Helsinki and was approved

by the Clinical Investigation Ethics Committee of Sapporo

Medical University Hospital.

Study subjects

This study was a single-center, retrospective, observa-

tional study. Consecutive patients who were admitted to our

department for the diagnosis and management of cardiovas-

cular and renal diseases and their risk factors from April 1,

2013, to December 31, 2015, were retrospectively enrolled

(Fig. 1a). Since active inflammation, thyroid dysfunction,

and steroid therapy have been shown to modulate the serum

cystatin C concentration in a GFR-independent man-

ner (4, 11-14), patients with a C-reactive protein level of >1

mg/dL, those with hyperthyroidism/hypothyroidism, and

those receiving corticosteroids were excluded. Patients <20
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years old, those with an eGFRcre of <15 mL/min/1.73 m2 or

with acute kidney injury (AKI), and those with missing data

were also excluded.

According to the Kidney Disease: Improving Global Out-

comes (KDIGO) definition, AKI was defined in cases with

any of the following: 1) increase in Scr by �0.3 mg/dL

within 48 hours; 2) increase in Scr �1.5 times baseline,

which is known or presumed to have occurred within the

prior 7 days; or 3) urine volume <0.5 mL/kg/h for 6

hours (15).

Laboratory data and echocardiography

Patient’s information and data for blood samples includ-

ing data for Scr and cystatin C for calculation of eGFRcre

and eGFRcys on the first day of admission were retrieved

from the patients’ medical records. eGFRcre and eGFRcys

were calculated using equations developed for Japanese sub-

jects as follows: eGFRcre (mL/min/1.73 m2)=194×Scr-1.094×

age-0.287 (×0.739 for women) and eGFRcys (mL/min/1.73 m2)

=104×CysC-1.019×0.996age (×0.929 for women)-8 (16). CKD

was defined as an eGFRcre of <60 mL/min/1.73 m2.

Definition of eGFR OE

The discordance between eGFRcre and eGFRcys was cal-

culated as follows: (eGFRcre/eGFRcys-1) ×100 (%), as

shown in Fig. 1. OE by the eGFRcre was defined in cases

where the eGFRcre was �120% of the eGFRcys, as previ-

ously reported (4). Patients were classified into the OE or

non-OE group.

Definition of OE score and classification by total OE

score

The OE score was calculated as the summed scores for

the body weight, hemoglobin concentration, and BUN/Scr,

as previously reported (4): 1 point if the body weight was <

63.0 kg in men or <42.0 kg in women, 1 point if the hemo-

globin concentration was <12.4 g/dL in men or <11.0 g/dL

in women, and 1 point if the BUN/Scr was >26.5.

Statistical analyses

Data are presented as the means±standard deviation or

medians [interquartile range (IQR): 25-75th percentile] and

expressed as the frequency and percentage. Welch’s test was

used to compare continuous variables in two groups. Differ-

ences in categorical variables between two groups were ex-

amined by the chi-squared test. The degree of OE for each

group divided by the OE score was compared by the

Kruskal-Wallis test, and the Steel-Dwass test was used for

comparisons between each of the two groups. We calculated

the sensitivity, specificity, positive predictive value (PPV),

negative predictive value (NPV), and accuracy to evaluate

the diagnostic ability of a score for OE in the subgroups of

interest, i.e., age (<75 and �75 years old), and complica-

tions, such as CKD, DM, and hypertension. A p value <0.05

was considered statistically significant.

The software programs JMPⓇ Pro 15 (SAS Institute, Cary,

USA) and EZR version 1.41 (Saitama Medical Center, Jichi

Medical University, Saitama, Japan), which is a graphical

user interface for R (The R Foundation for Statistical Com-

puting, Vienna, Austria), were used for the statistical analy-

ses in this study.

Results

Of the 2,277 enrolled patients, 852 were excluded based

on the exclusion criteria, so the data for 1,425 patients were

used for the analyses, as shown in Fig. 1a.

Baseline clinical characteristics

As shown in Table 1, the mean age of the patients was

64.8±14.9 years old, and 37% of the patients were women.

The mean body weight and BMI were 63.8±15.0 kg and

24.2±4.5 kg/m2, respectively. Hypertension, dyslipidemia,

DM, HF, ischemic heart disease (IHD), and valvular heart

disease (VHD) were present in 42%, 32%, 26%, 19%, 40%,

and 4% of the patients, respectively. The mean values of

eGFRcre and eGFRcys were 67.2±24.2 mL/min/1.73 m2 and

71.8±27.1 mL/min/1.73 m2, respectively, and 38% and 35%

of the patients were diagnosed with CKD using eGFRcre

and eGFRcys, respectively.

Comparisons between the OE and non-OE groups

The proportion of patients with OE was 14.2% (202/

1,425) as shown in Fig. 1b and Table 1. Patients in the OE

group were significantly older than those in the non-OE

group (69.3±14.6 vs. 63.7±14.8 years old) and included a

larger proportion of women (48% vs. 36%) than the non-OE

group. In the OE group, the proportions of patients with

DM, HF, and VHD were significantly higher than those in

the non-OE group. The albumin concentration was lower in

the OE group than in the non-OE group (3.8±0.6 vs. 4.1±

0.4 g/dL), and the eGFRcre was higher (73.5±33.0 vs. 66.1±

22.2 mL/min/1.73 m2) and the eGFRcys lower (53.0±23.0

vs. 74.9±26.5 mL/min/1.73 m2) in the OE group than in the

non-OE group.

Validation of the OE score in patients with cardio-

vascular and renal diseases and associated risk fac-

tors

When patients were divided into 4 categories according to

the total score, the frequencies of OE were 8% (59/754),

14% (72/502), 38% (58/151), and 72% (13/18) in patients

with scores of 0, 1, 2, and 3, respectively (Fig. 2). In analy-

ses in which all patients were included (Table 2), a score of

1 for OE had an accuracy of 58.8%, a sensitivity of 70.8%,

and a specificity of 56.8% for the prediction of OE, whereas

a score of 3 had an accuracy of 86.4%, a sensitivity of

6.4%, and a specificity of 99.6% for the prediction (Ta-

ble 3), indicating that the score predicted OE with a sensi-

tivity of 70.8% and a specificity of 99.6% in the study sub-

jects. The sensitivity of the score was increased in analyses

in which patients �75 years old were included (sensitivity,
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Table　1.　 Baseline Characteristics.

All 

(n=1,425)

OE group 

(n=202)

Non-OE group 

(n=1,223)
p value

Age, years 64.8±14.9 69.3±14.6 63.7±14.8 <0.001

≥65, n (%) 797 (55.9%) 137 (67.8%) 660 (54.0%) <0.001

≥75, n (%) 358 (25.1%) 77 (38.1%) 281 (23.0%) <0.001

Female, n (%) 530 (37.2%) 96 (47.5%) 434 (35.5%) 0.001

Height, cm 161.9±9.5 157.9±9.5 162.5±9.3 <0.001

Body weight, kg 63.8±15.0 58.9±15.9 64.7±14.6 <0.001

BMI, kg/m2 24.2±4.5 23.4±5.5 24.3±4.3 0.005

Complications, n (%)

Hypertension 592 (41.5%) 77 (38.1%) 515 (42.1%) 0.317

Dyslipidemia 453 (31.8%) 52 (25.7%) 401 (32.8%) 0.050

Diabetes mellitus 374 (26.2%) 70 (34.7%) 304 (24.9%) 0.004

HF 277 (19.4%) 60 (29.7%) 217 (17.7%) <0.001

IHD 571 (40.1%) 72 (35.6%) 499 (40.8%) 0.188

VHD 61 (4.3%) 17 (8.4%) 44 (3.6%) 0.004

Laboratory data

Albumin, g/dL 4.1±0.5 3.8±0.6 4.1±0.4 <0.001

Hemoglobin, g/dL 13.5±1.9 12.6±2.2 13.6±1.8 <0.001

HbA1c, % 6.3±2.1 6.4±1.6 6.3±2.1 0.493

Creatinine, mg/dL 0.9±0.4 0.9±0.5 0.9±0.4 0.028

Cystatin C, mg/L 1.1±0.5 1.4±0.6 1.1±0.4 <0.001

BUN, mg/dL 18.4±8.6 20.8±12.4 18.0±7.8 <0.001

BUN/Scr 20.8±7.4 25.7±12.2 20.0±5.9 <0.001

eGFRcre, mL/min/1.73 m2 67.2±24.2 73.5±33.0 66.1±22.2 <0.001

eGFRcre <60 mL/min/1.73 m2, n (%) 534 (37.5%) 68 (33.7%) 466 (38.1%) 0.240

eGFRcys, mL/min/1.73 m2 71.8±27.1 53.0±23.0 74.9±26.5 <0.001

eGFRcys <60 mL/min/1.73 m2, n (%) 493 (34.6%) 127 (62.9%) 366 (29.9%) <0.001

Data are presented as means±standard deviation or number (with percentage).  p<0.05 was considered statistical-

ly significant. BMI: body mass index, HbA1c: hemoglobin A1c, HF: heart failure, IHD: ischemic heart disease, 

VHD: valvular heart disease, BUN: blood urea nitrogen, BUN/Scr: ratio of blood urea nitrogen to serum creati-

nine, eGFRcre: creatinine-based estimated glomerular filtration rate, eGFRcys: cystatin C-based estimated glo-

merular filtration rate

88.3%; specificity, 98.9%), whereas it was decreased in pa-

tients <75 years old (sensitivity, 60.0%; specificity, 99.8%).

The specificity was similar among the subgroups of interest,

whereas the sensitivity was higher in the subgroups with HF,

IHD, and CKD and was lowest in patients with DM (Ta-

ble 2). As shown in Fig. 3, the difference between eGFRcys

and eGFRcre became larger as the total score increased.

Characteristics of patients with OE among patients

with a score of 0

Among patients with a score of 0, the group with OE in-

cluded a higher percentage of women and had a higher BMI

than did the group without OE, although there was no

marked difference in age between the patients with and

without OE (Table 3). The proportion of patients with OE

who had DM was more than two-fold higher than the pro-

portion without OE who had DM, but the proportions of pa-

tients with hypertension and dyslipidemia were similar in

patients with OE and those without OE (Table 3). The

plasma levels of albumin and eGFRcys were lower and

those of hemoglobin A1c (HbA1c) and eGFRcre higher in

patients with OE than in those without OE (Table 3).

Discussion

The main findings in the present study were as follows:

1) the score predicted the OE with a reasonable sensitivity

(70.8%) and a good specificity (99.6%), 2) the sensitivity of

the score for the prediction of OE was increased in analyses

of patients �75 years old, 3) the extent of discordance be-

tween eGFRcre and eGFRcys became larger as the total

score increased, and 4) the sensitivity of the score for pre-

dicting OE was low in patients with DM. These findings

suggest that cystatin C measurement is necessary for the ac-

curate assessment of the eGFR in patients with a score of 3

and should be considered in those with a score of 1 or 2.

There is no established tool for identifying patients whose

eGFR needs to be measured using cystatin C. In a previous

large-scale study, Peralta et al. developed a risk score for de-

tecting patients with an occult-reduced eGFR, defined as

having eGFRcys <60 and eGFRcre >60 mL/min/1.73 m2, i.

e. OE by the eGFRcre (10). Among 24,877 adults who had

an eGFRcre of >60 mL/min/1.73 m2, 13.5% had an occult-

reduced eGFR. Variables that were selected by multivariable
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Figure 2. Frequencies of the GFR overestimation (OE) by the eGFRcre. Frequencies of GFR OE by 
the eGFRcre in patients with scores of 0 (a), 1 (B), 2 (c), and 3 (d). The total score is the sum of the 
scores for body weight, hemoglobin concentration, and BUN/Scr: 1 point if the body weight is <63.0 
kg in men or <42.0 kg in women, 1 point if the hemoglobin concentration is <12.4 g/dL in men or <11.0 
g/dL in women, and 1 point if the BUN/Scr is >26.5. OE of the eGFR by the eGFRcre was defined in 
cases with an eGFRcre ≥120% of the eGFRcys. GFR: glomerular filtration rate, OE: overestimation, 
eGFRcre: creatinine-based estimated glomerular filtration rate, BUN/Scr: ratio of blood urea nitro-
gen to creatinine, eGFRcys: cystatin C-based estimated glomerular filtration rate
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logistic regression analyses for developing the risk score for

predicting an occult-reduced eGFR were the age, race, BMI,

eGFRcre, presence of DM and hypertension, history of car-

diovascular disease, and smoking habit. Although the risk

score reasonably predicted an occult-reduced eGFR, the re-

sults of the analyses in subjects with an eGFRcre of >60

mL/min/1.73 m2 could not be extrapolated to subjects in the

present study, including CKD patients (38%). Furthermore,

the predictive ability of an occult-reduced eGFR varied ac-

cording to the BMI and race, which is a reasonable finding,

since previous studies have shown race/region-dependent

variation in the skeletal muscle mass (17, 18). Taken to-

gether, these findings suggest that the risk score for predict-

ing OE by the eGFRcre needs to be individualized accord-

ing to race and BMI.

Several factors have been shown to modulate serum cysta-

tin C levels. First, serum cystatin C levels have been shown

to be positively correlated with inflammatory markers inde-

pendently of the renal function (19). Second, a previous

study revealed that the serum cystatin C level was elevated

and eGFRcys was reduced under conditions of both sub-

clinical hypothyroidism and subclinical hyperthyroid-

ism (11). Third, the results of a study by Tsushita et al. in

which the effects of doses of corticosteroids on the discor-

dance between eGFRcys and eGFRcre were examined

showed that eGFRcys/eGFRcre ratio decreases as the corti-

costeroid dose increases, leading to the conclusion that corti-

costeroids increase the serum cystatin C level, although cor-

ticosteroids have the potential to decrease the serum cre-

atinine level through a reduction in the muscle mass (13).

Although patients with these factors were excluded from the

analyses in the present study to use eGFRcys as a reference

standard of the GFR, other possible modulators of the serum

cystatin C level have been reported. An older age, male gen-

der, greater height/weight, and current cigarette smoking

habit in addition to higher C-reactive protein levels have
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Table　2.　Diagnostic Ability of a Risk Prediction Score for EGFR Overestimation by EGFRcre.

Sensitivity Specificity PPV NPV Accuracy LR+ LR- TP TN FP FN

All (n=1,425)

1 point 0.708 0.568 0.213 0.922 0.588 1.640 0.514 143 695 528 59

2 points 0.351 0.920 0.420 0.896 0.839 4.386 0.705 71 1,125 98 131

3 points 0.064 0.996 0.722 0.866 0.864 15.742 0.939 13 1,218 5 189

<75 years (n=1,067)

1 point 0.600 0.623 0.174 0.922 0.620 1.592 0.642 75 587 355 50

2 points 0.288 0.954 0.456 0.910 0.876 6.309 0.746 36 899 43 89

3 points 0.040 0.998 0.714 0.887 0.886 18.840 0.962 5 940 2 120

≥75 years (n=358)

1 point 0.883 0.384 0.282 0.923 0.492 1.434 0.304 68 108 173 9

2 points 0.455 0.804 0.389 0.843 0.729 2.322 0.678 35 226 55 42

3 points 0.104 0.989 0.727 0.801 0.799 9.732 0.906 8 278 3 69

Hypertension (n=592)

1 point 0.714 0.557 0.194 0.929 0.578 1.613 0.513 55 287 228 22

2 points 0.338 0.917 0.377 0.902 0.841 4.044 0.723 26 472 43 51

3 points 0.052 0.996 0.667 0.875 0.873 13.377 0.952 4 513 2 73

Dyslipidemia (n=453)

1 point 0.615 0.613 0.171 0.925 0.614 1.592 0.627 32 246 155 20

2 points 0.231 0.938 0.324 0.904 0.857 3.702 0.820 12 376 25 40

3 points 0.019 0.998 0.500 0.887 0.885 7.712 0.983 1 400 1 51

Diabetes mellitus (n=374)

1 point 0.586 0.530 0.223 0.847 0.540 1.245 0.782 41 161 143 29

2 points 0.286 0.911 0.426 0.847 0.794 3.217 0.784 20 277 27 50

3 points 0.029 0.993 0.500 0.816 0.813 4.343 0.978 2 302 2 68

HF (n=277)

1 point 0.800 0.447 0.286 0.890 0.522 1.447 0.447 48 97 120 12

2 points 0.483 0.857 0.483 0.857 0.775 3.383 0.603 29 186 31 31

3 points 0.133 0.986 0.727 0.805 0.801 9.644 0.879 8 214 3 52

IHD (n=571)

1 point 0.792 0.529 0.195 0.946 0.562 1.681 0.394 57 264 235 15

2 points 0.375 0.902 0.355 0.909 0.835 3.819 0.693 27 450 49 45

3 points 0.028 0.996 0.500 0.877 0.874 6.931 0.976 2 497 2 70

CKD (n=534)

1 point 0.794 0.500 0.188 0.943 0.537 1.588 0.412 54 233 233 14

2 points 0.471 0.869 0.344 0.918 0.818 3.595 0.609 32 405 61 36

3 points 0.088 0.989 0.545 0.881 0.875 8.224 0.922 6 461 5 62

Body weight of <63.0 kg in males or <42.0 kg in females, hemoglobin concentration of <12.4 g/dL in males or <11.0 g/dL in females, and BUN/Scr of 

>26.5 count for 1 point. BUN/Scr: ratio of blood urea nitrogen to serum creatinine, PPV: positive predictive value, NPV: negative predictive value, LR+: 

positive likelihood ratio, LR-: negative likelihood ratio, TP: true positive, TN: true negative, FP: false positive, FN: false negative, HF: heart failure, IHD: 

ischemic heart disease, CKD: chronic kidney disease

been shown to be independently associated with serum cys-

tatin C levels after adjusting for creatinine clearance (20).

Indeed, an earlier study showed that the serum cystatin C

level increases as the BMI increases (21). In addition, a

positive impact of smoking on the serum cystatin C level

was confirmed in a recent study showing that the serum cys-

tatin C level was decreased three months after smoking ces-

sation (22). Therefore, whether or not our score accurately

predicts OE by the eGFRcre needs to be confirmed using

GFR measurement with exogenous filtration markers, such

as inulin.

One limitation of our OE score is its lower sensitivity for

predicting the OE in patients with DM. This finding is ex-

plained by the results of analyses in which the clinical char-

acteristics of patients who were classified into the OE group

despite having a score of 0 were examined: among patients

with a score of 0, those who had OE had a higher BMI and

cystatin C level as well as a higher prevalence of DM than

did the patients without OE. Thus, the serum cystatin C

level might be elevated by an increase in the BMI, possibly

through subclinical inflammation (10, 19-21) but not a de-

cline in the renal function, leading to discordance between

eGFRcre and eGFRcys. In addition, muscle wasting is fre-

quently observed in patients with DM, regardless of in-

creased fat mass, which is called sarcopenic obesity; this ef-

fect contributes to the co-existence of a reduced Scr level

and increased body weight (23-25). Importantly, a reduction

in hemoglobin levels and elevation in BUN levels, markers
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Table　3.　Baseline Characteristics of Patients with OE Score of 0.

OE group 

(n=59)

Non-OE group 

(n=695)
p value

Age, years 62.1±16.3 60.1±14.5 0.315

≥65, n (%) 34 (57.6%) 304 (43.7%) 0.042

≥75, n (%) 9 (15.3%) 108 (15.5%) 1.000

Female, n (%) 30 (50.8%) 245 (35.3%) 0.023

Height, cm 160.2±9.3 164.5±9.3 0.001

Body weight, kg 70.8±17.2 69.5±15.1 0.540

BMI, kg/m2 27.5±6.0 25.5±4.2 0.001

Complications, n (%)  

Hypertension 22 (37.3%) 287 (41.3%) 0.584

Dyslipidemia 20 (33.9%) 246 (35.4%) 0.888

Diabetes mellitus 29 (49.2%) 161 (23.2%) <0.001

HF 12 (20.3%) 97 (14.0%) 0.179

IHD 15 (25.4%) 264 (38.0%) 0.067

VHD 2 (3.4%) 21 (3.0%) 0.699

Laboratory data

Albumin, g/dL 4.0±0.4 4.2±0.4 <0.001

Hemoglobin, g/dL 14.2±1.7 14.3±1.4 0.803

HbA1c, % 7.1±1.8 6.3±2.5 0.028

Creatinine, mg/dL 0.8±0.2 0.9±0.3 <0.001

Cystatin C, mg/L 1.3±0.4 1.0±0.3 <0.001

BUN, mg/dL 15.1±5.2 16.2±5.9 0.172

BUN/Scr 20.4±3.9 18.5±4.1 0.001

eGFRcre, mL/min/1.73 m2 79.4±29.0 68.0±20.3 <0.001

eGFRcre <60 mL/min/1.73 m2, n (%) 14 (23.7%) 233 (33.5%) 0.148

eGFRcys, mL/min/1.73 m2 59.5±21.5 78.4±24.1 <0.001

eGFRcys <60 mL/min/1.73 m2, n (%) 32 (54.2%) 161 (23.2%) <0.001

Data are presented as means±standard deviation or number (with percentage).  p<0.05 was 

considered statistically significant. BMI: body mass index, HbA1c: hemoglobin A1c, HF: heart 

failure, IHD: ischemic heart disease, VHD: valvular heart disease, BUN: blood urea nitrogen, 

BUN/Scr: ratio of blood urea nitrogen to serum creatinine, eGFRcre: creatinine-based estimat-

ed glomerular filtration rate, eGFRcys: cystatin C-based estimated glomerular filtration rate

of malnutrition, are not typically found at this stage of DM

if patients do not have advanced-stage diabetic nephropathy.

Thus, a BMI-mediated but GFR-independent elevation in the

serum cystatin C level, presence of sarcopenic obesity, and

absence of malnutrition are likely the primary mechanisms

underlying the lack of sensitivity of the score for predicting

OE in patients with DM.

Intriguingly, the utility of the eGFR for assessing the re-

nal function in diabetic patients is a matter of debate (25).

The results of a cross-sectional study by Luis-Lima et al.

showed that there was poor agreement between eGFRcre or

eGFRcys and the GFR measured by the plasma clearance of

iohexol (“measured GFR”), which was greater in patients

with a measured GFR <60 mL/min, leading to misclassifica-

tion of CKD stages in approximately 30% of the study sub-

jects (26). Given these findings, we believe that GFR meas-

urement using exogenous filtration markers should be con-

sidered when planning dosing of drugs with a narrow thera-

peutic window and high toxicity in diabetic patients.

Several additional limitations associated with the present

study warrant mention. First, since this study was a retro-

spective observational study with a limited number of study

subjects, there might have been some selection bias in the

study subjects. Second, the patients enrolled in the present

study were those who had been admitted to our institute for

the diagnosis and treatment of cardiovascular and renal dis-

eases as well as their risk factors. The accuracy of a score

for predicting OE of the GFR using eGFRcre needs to be

confirmed in outpatients with a relatively stable condition.

Finally, shrunken pore syndrome is a newly proposed clini-

cal entity characterized by a high serum cystatin C concen-

tration with a normal Scr concentration (27, 28), the pres-

ence of which may lead to discordance between eGFRcys

and eGFRcre, since creatinine (113 Da) but not cystatin C

(13.3 kDa) can pass through small-sized glomerular pores

freely. However, there is currently no consensus concerning

the presence or definition of shrunken pore syndrome.

In conclusion, a score for predicting OE of the GFR us-

ing eGFRcre in HF patients can be favorably applied to eld-

erly patients with cardiovascular and renal diseases as well

as their risk factors. However, its utility in diabetic patients

is limited.
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Figure　3.　Distributions of discordance between eGFRcre and eGFRcys in groups with different 
scores. (a) Overall patients,  (b) patients <75 years old, and (c) patients ≥75 years old. The total score 
is the sum of the scores for body weight, hemoglobin concentration, and BUN/Scr: 1 point if the body 
weight is <63.0 kg in men or <42.0 kg in women, 1 point if the hemoglobin concentration is <12.4 g/dL 
in men or <11.0 g/dL in women, and 1 point if the BUN/Scr is >26.5. eGFRcre: creatinine-based esti-
mated glomerular filtration rate, eGFRcys: cystatin C-based estimated glomerular filtration rate, 
BUN/Scr: ratio of blood urea nitrogen to creatinine
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