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Introduction

Decreased estimated glomerular filtration rate (eGFR) 
or increased albuminuria has been associated with a 
greater risk of cardiovascular mortality [1–3]. A recent 
meta-analysis suggested that the addition of eGFR and 
albuminuria to conventional cardiovascular risk factors 
resulted in improved prediction of cardiovascular risk 
[4]. Due to the strong associations of eGFR and albumi-
nuria with cardiovascular disease, it may seem intuitive 
to hypothesize a strong link between cardiovascular risk 
predicted with these tools and eGFR and albuminuria. 
In a study of a Chinese population with eGFR > 60 mL/
min/1.73  m2 and no cardiovascular disease, an inverse 
association was found between eGFR and Framingham 
risk score [5]. Another population-based study revealed 
a positive association between low-grade albuminuria 
and Framingham risk score [6], and other studies sug-
gested combination of decreased eGFR and/or increased 
urine albumin excretion and Framingham risk score for 
better prevention or detection of cardiovascular dis-
ease [7, 8]. However, the relationships between eGFR 
and albuminuria and other cardiovascular risk estima-
tion methods, such as the 10-year hard atherosclerotic 
cardiovascular disease (ASCVD) risk estimate [9] and 
the Korean coronary heart disease risk prediction score 
(KRS) [10], remain unclear. Thus, this study aimed to 
assess the associations between albuminuria and eGFR, 
and cardiovascular disease (CVD), estimated using 
risk prediction model scores in a representative Korean 
population.

Abstract 
Purpose  This study’s purpose was to examine established 
cardiovascular risk prediction model scores for their associ-
ations with albuminuria and estimated glomerular filtration 
rate (eGFR) in Korean population.
Methods  We calculated the 10-year atherosclerotic car-
diovascular disease (ASCVD) risk estimated score, Korean 
coronary heart disease risk prediction score (KRS), and the 
Adult Treatment Panel (ATP) III risk score for 9733 South 
Koreans, aged 40–79 years, who were not diagnosed with 
stroke, angina pectoris, or myocardial ischemia using data 
from the 2011–2013 Korea National Health and Nutrition 
Examination Survey.
Results  The associations between cardiovascular risk 
model scores and the urine albumin-to-creatinine ratio 
(UACR) and eGFR tended to be stronger for the ASCVD 
risk score than for the other risk scores. The area under the 
receiver operating characteristic curve for increased albu-
minuria (UACR ≥ 30 mg/g) and decreased eGFR (<60 mL/
min/1.73 m2) was significantly higher for the ASCVD risk 
score than for the ATP III risk score and the KRS (except 
for increased albuminuria in women).
Conclusions  The ASCVD risk score had a stronger rela-
tionship with and better predicted albuminuria and eGFR 
than did the KRS and ATP III risk score.
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Materials and methods

Study participants

The study participants were from a representative sample 
of the civilian, non-institutionalized South Korean popula-
tion included in the Korea National Health and Nutrition 
Examination Survey (KNHANES) from 2011 to 2013 
[11, 12]. Among a total of 24,593 participants, this study 
included data from 9733 South Korean adults (4254 men 
and 5479 women), aged 40–79 years, who were not diag-
nosed with stroke, angina pectoris, or myocardial ischemia, 
who provided information required for estimating the KRS 
[10], the Adult Treatment Panel III (ATP III) score [13], 
and ASCVD risk score [9] and for whom data were avail-
able for determining the urine albumin-to-creatinine ratio 
(UACR) and eGFR.

Measurements and definitions

Demographic variables (age, sex), income level (less than 
the middle–high level vs. at least the middle–high level), 
educational level (did not graduate high school vs. gradu-
ated high school), medical history (diagnosis and treatment 
of hypertension, diabetes mellitus, angina pectoris, myo-
cardial ischemia, and stroke), and health behavior-related 
variables were obtained using data from the survey, which 
was conducted using a standardized questionnaire via 
face-to-face interview. Health behavior-related variables 
included regular exercise at moderate intensity for at least 
30 min per day five or more times per week (yes vs. no), 
alcohol consumption (at least 1 drink per month in the past 
year; yes vs. no), and smoking status (current smoker, ex-
smoker, or non-smoker). Diabetes mellitus was defined as 
either a high fasting blood glucose level ≥6.99  mmol/L, 
a diagnosis of diabetes mellitus by a physician, or current 
treatment for diabetes mellitus [14, 15]. Hypertension was 
defined as systolic blood pressure ≥140  mmHg, diastolic 
blood pressure  ≥90  mmHg, or use of antihypertensive 
medications, irrespective of blood pressure.

Blood pressure was measured, and body mass index 
(BMI) was calculated as weight (kg)/height (m)2 and meas-
ured according to standard procedures. Antecubital venous 
blood samples and random urine samples were obtained 
from each subject after overnight fasting. The levels of serum 
total cholesterol (TC), high-density lipoprotein cholesterol 
(HDL-C), glucose, and creatinine and urine creatinine and 
albumin concentration were measured using an automatic 
analyzer (Automatic Chemistry Analyzer 7600, Hitachi, 
Japan and Cobas 8000 C702, Roche, Germany). The UACR 
was calculated as the urine albumin-to-urine creatinine ratio 
(mg/g). eGFR was computed using the serum creatinine-
based Chronic Kidney Disease Epidemiology Collaboration 

(CKD-EPI) equation [16]. Categories for albuminuria and 
eGFR were, respectively, defined as UACR  <  30, 30–300 
(moderately increased albuminuria), and ≥300  mg/g 
(severely increased albuminuria), and eGFR  ≥  60, 30–60 
(mild to severely decreased eGFR), and <30 mL/min/1.73 m2 
(severely decreased eGFR) [1, 17].

The KRS, which provides an absolute 10-year risk of 
coronary heart disease and includes age, blood pressure, 
TC, HDL-C, diabetes, and smoking as components [10], 
the ATP III assessment, which uses a modified Framingham 
risk model for predicting an individual’s risk for developing 
CVD over the next 10 years and includes age, TC, HDL-
C, systolic blood pressure, and smoking as components 
[13], and the ASCVD risk score, which assesses the risk of 
developing the first ASCVD event (a non-fatal myocardial 
infarction or coronary heart disease death, or fatal or non-
fatal stroke) within a 10-year period and includes age, TC, 
HDL-C, systolic blood pressure, smoking, and diabetes as 
components [9], were calculated.

Statistical analyses

All the analyses were conducted separately for each sex. 
Comparisons of the relationships of the three CVD risk 
scores with the demographics and health behaviors for indi-
viduals categorized by albuminuria and eGFR were made 
using the test for linear trend using Chi-squared test or 
one-way analysis of variance. A natural logarithmic trans-
formation was performed to normalize the distribution of 
UACR values. Spearman’s correlations were performed to 
assess the relationships between kidney function and CVD 
risk scores. Linear regression analyses were conducted to 
determine the association of a 1-standard deviation (SD) 
change in each CVD risk score (independent variable) 
with UACR and eGFR (dependent variable) as a continu-
ous variable after adjusting for demographics, BMI, and 
health behaviors. Multinomial logistic regression analy-
ses were applied to determine the associations of a 1-SD 
change in each CVD risk score as an independent variable 
with categorized UACR and eGFR as dependent variables 
after adjusting for demographics, BMI, and health behav-
iors. Receiver operating characteristic (ROC) curve analy-
ses were used to determine sensitivity, specificity, and area 
under the curve (AUC) of the CVD risk scores for predict-
ing UACR ≥ 30 mg/g and eGFR < 60 mL/min/1.73 m2. A 
pairwise comparison of two independent ROC curves was 
conducted using the Z statistic. Data were analyzed using 
the IBM Statistical Package for the Social Sciences (SPSS) 
software version 21.0.0.0 (IBM Corp., Armonk, NY, USA) 
and MedCalc statistical software version 15.6.1 (MedCalc 
Software bvba, Ostend, Belgium; https://www.medcalc.
org; 2015). A two-sided P < 0.05 was considered statisti-
cally significant.

https://www.medcalc.org
https://www.medcalc.org
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Results

In Korean men, 8.0 % had moderately increased albuminu-
ria, 1.7 % had severely increased albuminuria, 4.5 % had 
mild to severely decreased eGFR, and 0.2 % had severely 
decreased eGFR, while in Korean women, those rates were 
7.7, 1.1, 2.7, and 0.9  %, respectively. CVD risk scores, 
age, and prevalence of hypertension and diabetes mellitus 
tended to increase when individual had increased albumi-
nuria and decreased eGFR in both sexes (Table  1). The 
relationships between CVD risk scores and kidney func-
tion were presented using Spearman correlations and mul-
tiple linear regression analyses in Table 2. All correlations 
between CVD risk scores and kidney function were sig-
nificant. Even after adjusting for demographics, BMI, and 
health behaviors, 1-SD increase in CVD risk scores was 

associated with increase in UACR and decrease in eGFR. 
The regression coefficient was greater for the ASCVD 
risk score than it was for the other CVD risk scores. In the 
multinomial logistic regression analyses between CVD 
risk scores and categorized UACR and eGFR, the odds 
ratios were generally higher for the ASCVD risk score 
than it was for the other CVD risk scores. As compared 
with the association in individuals with UACR < 30 mg/g 
and eGFR ≥  60  mL/min/1.73  m2, a 1-SD increase in the 
ASCVD risk score was associated with moderately or 
severely increased albuminuria (odds ratio 1.85 and 2.59 
for men and 1.42 and 1.70 for women) and mild to severely 
decreased eGFR (odds ratio 2.25 for men and 1.88 for 
women) (Table  3). In the comparison of the ROC curve 
analyses, the ASCVD risk score better predicted increased 
albuminuria (UACR  ≥  30  mg/g) and decreased eGFR 

Table 1   Comparison of characteristics according to categorized UACR and eGFR (n = 9733)

Values are mean ± SD or N (%)

UACR urine albumin-to-creatinine ratio (mg/g), eGFR estimated glomerular filtration rate (mL/min/1.73  m2), ATP Adult Treatment Panel, 
ASCVD atherosclerotic cardiovascular disease

* P < 0.05 by test for liner trend using Chi-squared test or one-way analysis of variance

UACR < 30 30 ≤ UACR < 300 UACR ≥ 300 eGFR ≥ 60 60 > eGFR ≥ 30 eGFR < 30

Men (n = 4254)

 N (%) 3872 (91.0) 310 (7.3) 72 (1.7) 4055 (95.3) 190 (4.5) 9 (0.2)

 Korean heart study risk 1.7 ± 1.5 2.7 ± 2.4 3.7 ± 3.3* 1.7 ± 1.5 3.2 ± 2.7 3.4 ± 2.1*

 10-Year ATP III risk 10.5 ± 6.5 14.0 ± 7.3 15.7 ± 8.3* 10.5 ± 6.6 16.8 ± 6.8 19.9 ± 7.0*

 10-Year ASCVD risk 11.9 ± 10.5 20.3 ± 14.3 27.8 ± 18.1* 12.1 ± 10.7 27.4 ± 14.8 28.9 ± 12.2*

 Age (year) 57.0 ± 10.8 61.7 ± 10.8 62.7 ± 10.9* 56.9 ± 10.7 69.5 ± 7.9 70.2 ± 7.6*

 Body mass index (kg/m2) 24.0 ± 2.9 24.8 ± 3.3 24.8 ± 4.0* 24.0 ± 2.9 24.2 ± 3.1 22.9 ± 1.3

 Hypertension 1513 (39.2) 209 (67.4) 57 (80.3)* 1639 (40.5) 134 (70.5) 6 (66.7)*

 Diabetes mellitus 510 (13.2) 129 (41.6) 44 (61.1)* 608 (15.0) 72 (37.9) 3 (33.3)*

 Current smoker 1411 (36.4) 113 (36.5) 27 (37.5) 1505 (37.1) 42 (22.1) 4 (44.4)

 Alcohol user 2745 (70.9) 219 (70.6) 49 (68.1) 2915 (71.9) 94 (49.5) 4 (44.4)*

 Regular exercise 304 (7.9) 33 (10.6) 3 (4.2) 318 (7.8) 21 (11.1) 1 (11.1)

 Education (≥high school) 2486 (64.2) 164 (52.9) 47 (65.3)* 2603 (64.2) 90 (47.4) 4 (44.4)*

 Income (≥middle–high level) 2166 (56.5) 138 (45.4) 29 (40.3)* 2274 (56.6) 54 (28.6) 5 (55.6)*

Women (n = 5479)

 N (%) 4997 (91.2) 421 (7.7) 61 (1.1) 5323 (97.2 148 (2.7) 8 (0.1)

 Korean heart study risk 0.8 ± 1.0 1.5 ± 1.5 2.0 ± 2.2* 0.9 ± 1.1 2.3 ± 1.7 1.2 ± 1.3

 10-Year ATP III risk 3.0 ± 3.7 5.4 ± 5.3 7.2 ± 6.7* 3.1 ± 3.7 8.5 ± 6.6 3.6 ± 3.1

 10-Year ASCVD risk 6.1 ± 8.4 12.0 ± 11.9 15.0 ± 14.5* 6.2 ± 8.5 20.2 ± 13.1 9.6 ± 10.3

 Age (year) 57.1 ± 10.6 62.5 ± 10.2 62.4 ± 11.5* 57.2 ± 10.5 70.9 ± 6.2 57.0 ± 9.8

 Body mass index (kg/m2) 24.0 ± 3.2 25.1 ± 3.7 25.9 ± 4.4* 24.1 ± 3.2 25.1 ± 3.9 25.4 ± 3.8

 Hypertension 1723 (34.5) 275 (65.8) 48 (78.7)* 1936 (36.4) 104 (70.7) 6 (85.7)*

 Diabetes mellitus 500 (10.0) 114 (27.1) 20 (32.8)* 578 (10.9) 51 (34.5) 5 (62.5)*

 Current smoker 185 (3.7) 15 (3.6) 2 (3.3) 195 (3.7) 7 (4.7) 0 (0.0)

 Alcohol user 1579 (31.6) 104 (24.7) 16 (26.2)* 1671 (31.4) 26 (17.6) 2 (25.0)*

 Regular exercise 344 (6.9) 29 (6.9) 7 (11.5) 373 (7.0) 6 (4.1) 1 (12.5)

 Education (≥high school) 2356 (47.2) 108 (25.8) 17 (27.9)* 2455 (46.2) 23 (15.5) 3 (37.5)*

 Income (≥middle–high level) 2559 (51.6) 144 (34.4) 20 (32.8)* 2685 (50.8) 36 (24.7) 2 (25.0)*
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(eGFR < 60 mL/min/1.73 m2) as compared to the ATP III 
risk score and the KRS (except for increased albuminuria 
in women, P < 0.05). The cutoff values of CVD risk scores 
for increased albuminuria and decreased eGFR were con-
sistently higher in men as compared in women (Table 4).

Discussion

In this representative Korean population, KRS, ATP III 
risk score, and ASCVD risk score were associated with 
increased albuminuria and decreased eGFR. In the com-
parison of the three CVD risk scores for determining 
these relationships, the ASCVD risk score tended to have 

a stronger association than did the KRS and ATP III risk 
score. As compared to the ATP III risk score, the KRS was 
a better predictor of increased albuminuria in both sexes 
and of decreased eGFR in women. Although the present 
findings replicated those from previous studies with respect 
to the relationship between the Framingham risk score and 
eGFR and albuminuria in a Chinese population [5] and in a 
Korean population [6], the current study additionally evalu-
ated the relative performance of CVD risk scores on those 
associations. As a result, the strength of the associations 
appeared to be greatest for the ASCVD risk score, followed 
by the KRS and the ATP III risk score.

The link between albuminuria and eGFR and CVD 
risk score suggests a common pathway, such as insulin 

Table 2   Comparison of correlation and regression coefficients between cardiovascular disease risk scores and UACR and eGFR

UACR urine albumin-to-creatinine ratio, eGFR estimated glomerular filtration rate, ATP Adult Treatment Panel, ASCVD atherosclerotic cardio-
vascular disease, AUC area under the curve
§   Regression coefficients per 1 SD change of each risk estimation method (P < 0.001) after adjusting for body mass index, alcohol use, physical 
activity, education level, and income using multiple linear regression analyses

UACR eGFR

Spearman’s correlation  
(95 % CI)

Regression  
coefficient (SE)§

Spearman’s  
correlation (95 % CI)

Regression  
coefficient (SE)§

Men (n = 4254)

 Korean heart study risk 0.30 (0.27, 0.33) 1.55 (1.03) −0.36 (−0.39, −0.33) −3.77 (0.22)

 10-Year ATP III risk 0.23 (0.20, 0.26) 1.39 (1.03) −0.35 (−0.38, −0.32) −4.39 (0.22)

 10-Year ASCVD risk 0.31 (0.28, 0.34) 1.70 (1.03) −0.43 (−0.45, −0.41) −5.91 (0.21)

Women (n = 5479)

 Korean heart study risk 0.32 (0.30, 0.34) 1.40 (1.02) −0.56 (−0.58, −0.54) −5.18 (0.19)

 10-Year ATP III risk 0.30 (0.28, 0.32) 1.34 (1.02) −0.52 (−0.54, −0.50) −4.67 (0.18)

 10-Year ASCVD risk 0.32 (0.30, 0.34) 1.40 (1.02) −0.57 (−0.59, −0.55) −5.90 (0.19)

Table 3   Associations between cardiovascular disease risk scores and increased UACR and decreased eGFR

Values are odds ratio (95 % CI) for 1 SD change of each risk estimation method using multinomial logistic regression analysis adjusted for body 
mass index, alcohol use, physical activity, education level, and income

UACR urine albumin-to-creatinine ratio (mg/g), eGFR estimated glomerular filtration rate (mL/min/1.73  m2), ATP Adult Treatment Panel, 
ASCVD atherosclerotic cardiovascular disease

Korean heart study risk 10-Year ATP III risk 10-Year ASCVD risk

Men (n = 4254)

 UACR < 30 versus 30 ≤ UACR < 300 1.53 (1.40–1.69) 1.54 (1.37–1.72) 1.85 (1.66–2.05)

 UACR < 30 versus UACR ≥ 300 1.85 (1.62–2.11) 1.93 (1.57–2.39) 2.59 (2.18–3.09)

 eGFR ≥ 60 versus 30 ≤ eGFR < 60 1.53 (1.38–1.69) 2.04 (1.77–2.35) 2.25 (2.00–2.55)

 eGFR ≥ 60 versus eGFR < 30 1.62 (1.17–2.24) 3.30 (1.81–6.02) 2.68 (1.70–4.22)

Women (n = 5479)

 UACR < 30 versus 30 ≤ UACR < 300 1.42 (1.31–1.55) 1.37 (1.26–1.48) 1.42 (1.31–1.55)

 UACR < 30 versus UACR ≥ 300 1.68 (1.46–1.93) 1.68 (1.44–1.97) 1.70 (1.44–2.02)

 eGFR ≥ 60 versus 30 ≤ eGFR < 60 1.63 (1.47–1.80) 1.71 (1.54–1.89) 1.88 (1.70–2.10)

 eGFR ≥ 60 versus eGFR < 30 1.23 (0.68–2.21) 0.98 (0.46–2.07) 1.23 (0.65–2.31)
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resistance, endothelial dysfunction, vascular inflammation, 
or atherosclerosis [18]. However, the difference in the asso-
ciations may be explained by the differences in individual 
components included in the CVD risk scores and the rela-
tive weight of the coefficient given to each component in 
those risk scores. The lower associations with the ATP III 
risk score may be related to the exclusion of diabetes mel-
litus from the components.

The associations between increased albuminuria and/or 
decreased eGFR and CVD event development were well 
demonstrated. Excretion of albumin in the urine was a con-
tinuous risk factor for CVD events, without a lower limit 
[17, 19], and the relationship between urinary albumin and 
cardiovascular mortality was monotonic in meta-analyses 
[2]. With respect to the association between eGFR and car-
diovascular mortality, cardiovascular mortality gradually 
increased as eGFR decreased from 60 mL/min/1.73 m2 to 
lower levels [2]. As compared to women, the association of 
eGFR and UACR with the risk of cardiovascular mortal-
ity at all levels of eGFR and UACR was higher in men [1]. 
In the current data, the cutoff scores of CVD risk for pre-
dicting increased albuminuria and decreased eGFR in men 
were consistently higher than those in women. The current 
findings support previous results showing sex differences in 
the associations of eGFR and UACR with cardiovascular 
events.

Several limitations of the current study need to be noted. 
Although the area under the ROC curve analysis is com-
monly used for discrimination purposes, it has limitations, 

such as lower sensitivity, in assessing the impact of add-
ing new predictors to a score and evaluating the differences 
in probabilities between models [20]. Although eGFR 
assessed using the CKD-EPI equation has been shown to 
be a more accurate estimate than the Modification of Diet 
in Renal Disease (MDRD) study equation, the precision for 
determining eGFR using the CKD-EPI equation remains 
limited [16]. The measurement of urinary albumin using 
random urine also has potential problems with respect to 
the accuracy of reflecting proteinuria quantification [21–
23]. In addition, individuals taking medications that may 
influence eGFR, albuminuria, and CVD risk scores were 
not taken into account in the analyses. Although ASCVD 
risk score was better for discrimination of increased albu-
minuria and decreased eGFR than KRS in this study, a 
recent study suggested inadequate performance of ASCVD 
risk score for predicting atherosclerotic cardiovascular 
disease events in Korean population [24]. To compare the 
prognostic ability of these prediction models for develop-
ment of decreased eGFR and albuminuria, long-term pro-
spective studies are needed.

In summary, this study compared the relationships of 
CVD prediction models, such as the KRS, the ATP III risk 
score, and the ASCVD risk score, with eGFR and albumi-
nuria in a representative Korean population. The ASCVD 
risk score had the strongest relationship and best discrimi-
nation for predicting increased albuminuria and decreased 
eGFR compared to the KRS and ATP III risk score. 
Therefore, ASCVD risk score may be a more sensitive 

Table 4   Comparison of cardiovascular disease risk scores for prediction of increased UACR and decreased eGFR

UACR urine albumin-to-creatinine ratio, eGFR estimated glomerular filtration rate, ATP Adult Treatment Panel, ASCVD atherosclerotic cardio-
vascular disease, AUC area under the curve

P < 0.05 for pairwise comparison between * Korean heart study risk and 10-year ATP III risk; † Korean heart study risk and 10-year ASCVD 
risk; ‡ 10-year ATP III risk and 10-year ASCVD risk

Men (n = 4254) Women (n = 5479)

Korean heart  
study risk

10-Year ATP  
III risk

10-Year ASCVD 
risk

Korean heart  
study risk

10-Year ATP  
III risk

10-Year ASCVD 
risk

UACR ≥ 30 mg/g

 Cutoff value 1.23 8 15.83 0.58 2 3.67

 AUC (95 % CI) 0.69 (0.68, 0.70)* 0.65 (0.63, 0.66) 0.71 (0.69, 0.72)†‡ 0.70 (0.68, 0.71)* 0.68 (0.67, 0.69) 0.70 (0.69, 0.71)‡

 Sensitivity (95 % 
CI)

77.5 (73.0, 81.6) 75.1 (70.5, 79.4) 60.0 (54.8, 64.9) 71.2 (66.9, 75.2) 60.4 (55.9, 64.8) 71.8 (67.5, 75.8)

 Specificity (95 % 
CI)

50.0 (48.4, 51.6) 44.2 (42.7, 45.8) 72.5 (71.1, 73.9) 59.4 (58.0, 60.8) 67.3 (66.0, 68.6) 59.1 (57.7, 60.5)

eGFR < 60 mL/min/1.73 m2

 Cutoff value 1.57 10 16.32 0.99 3 7.50

 AUC (95 % CI) 0.75 (0.73, 0.78) 0.76 (0.73, 0.79) 0.82 (0.80, 0.85)†‡ 0.83 (0.80, 0.86)* 0.80 (0.77, 0.84)* 0.84 (0.82, 0.87)†‡

 Sensitivity (95 % 
CI)

77.9 (71.5, 83.5) 80.4 (74.2, 85.7) 80.4 (74.2, 85.7) 82.1 (75.1, 87.7) 74.4 (66.8, 81.0) 81.4 (74.4, 87.2)

 Specificity (95 % 
CI)

61.2 (59.7, 62.7) 58.0 (56.5, 59.6) 73.0 (71.6, 74.4) 72.8 (71.6, 74.0) 72.7 (71.4, 73.9) 73.8 (72.6, 75.0)
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assessment tool for identifying individuals with higher 
risk of chronic kidney disease than KRS and ATP III risk 
score in Korean population. To the best of our knowledge, 
there is no established prospective study for the association 
between cardiovascular risk and chronic kidney disease in 
Korean population, and then, current findings confirm pre-
vious knowledge in Korean population using several CVD 
risk scores.
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