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INTRODUCTION

Chronic kidney disease (CKD) is defined as a structural 
or functional kidney abnormality lasting for 3 or more 
months [1]. The global prevalence of CKD is estimated 

to be more than 10%, and CKD has emerged as a public 
health problem [2]. Adverse outcomes of CKD such as 
kidney failure, cardiovascular disease (CVD), and prema-
ture death can be prevented or delayed when treatment 
is initiated in the early stages of disease [3]. As the earlier 
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Background/Aims: An updated chronic kidney disease (CKD) definition and 
classification were proposed by Kidney Disease: Improving Global Outcomes 
(KDIGO), with adoption of a new equation to estimate glomerular filtration rate 
(GFR) and albuminuria to evaluate kidney structural damage. This study was 
performed to estimate the prevalence of CKD in the Korean adult population as 
defined and classified by the KDIGO guidelines. 
Methods: Cross-sectional samples of the fifth Korean National Health and Nu-
trition Examination Survey for 2011 to 2012 were examined for adults aged ≥ 19 
years. CKD prevalence was determined based on decreased GFR and albumin-
uria. The GFR was estimated using the CKD Epidemiology Collaboration creat-
inine equation, and albuminuria was evaluated using the albumin-to-creatinine 
ratio (ACR) in spot urine. 
Results: Of the 16,576 subjects participating in the survey, 10,636 (4,758 men, 5,878 
women) were included in the present study. The prevalence of CKD was esti-
mated as 7.9% (7.8% in 2011 and 8.0% in 2012, p = 0.770). The prevalence of low, 
moderately increased, high, and very high CKD risk prognosis was 92.0%, 6.3%, 
1.1%, and 0.6%, respectively. The prevalence of albuminuria (ACR ≥ 30 mg/g) in 
individuals with GFR ≥ 60 mL/min/1.73 m2 has reached 5.7%. The odds ratios 
of hypertension and diabetes to CKD were 3.4 and 3.1 in men, and 2.9 and 2.0 in 
women (all p < 0.001), respectively.
Conclusions: A large percentage of CKD patients had albuminuria prior to a de-
crease in GFR. Regular laboratory tests for albuminuria for the high-risk group, 
and especially for hypertensive or diabetic patients, might improve detection of 
CKD at an early stage. 
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stages are often asymptomatic, CKD is usually detected 
during laboratory evaluation of comorbid conditions. 

Glomerular filtration rate (GFR) is considered the in-
dex of kidney function, and for convenience is usually 
estimated using equations instead of by direct mea-
surement. The Modification of Diet in Renal Disease 
(MDRD) Study equation [4], which was replaced by the 
Chronic Kidney Disease Epidemiology Collaboration 
2009 equations (CKD-EPI equations) [5], has been used 
to estimate GFR. However, this tended to underestimate 
the measured GFR and had less precision, especially at 
a GFR of 60 mL/min/1.73 m2 or more [6]. The CKD-EPI 
equations were reported as having less bias, improved 
precision, and greater accuracy than the MDRD Study 
equation at a higher GFR of 60 mL/min/1.73 m2 or more 
[5]. This was also demonstrated for the Korean popula-
tion [7]. The CKD-EPI equations led to a lower estima-
tion of CKD prevalence, primarily due to a lower prev-
alence of GFR stage 3, compared to the MDRD Study 
equation [5]. Persistently increased protein excretion 
has usually been considered to be a marker of kidney 
damage, and screening with urine dipsticks has been ac-
ceptable for detecting proteinuria [1]. Recently, urinary 
albumin measurement was recommended as a marker 
of kidney damage, both for its standardization and also 
because albumin is the most important protein lost in 
the urine in most CKD [8]. The albumin-to-creatinine 
ratio (ACR) is the most preferred value among urinary 
albumin measurements. Kidney Disease: Improving 
Global Outcomes (KDIGO) has updated guidelines for 
defining, diagnosing, staging, and managing CKD since 
the establishment of the first uniform definitions and 
staging system for CKD in 2002 [8]. More objective crite-
ria, such as the CKD-EPI equations for estimating GFR 
and classification of albuminuria, have been incorporat-
ed. Moreover, GFR stage 3 was subdivided into 3a and 
3b. The etiology of CKD was included in the definition; 
hypertension and diabetes mellitus (DM) are systemic 
diseases known to cause CKD. Consequently, KDIGO 
guidelines provide relatively simple and precise meth-
ods for early diagnosis of CKD, and tend to yield fewer 
false positives, thereby avoiding incorrect diagnosis [9]. 

The number of patients treated with renal replace-
ment therapy (RRT) including dialysis and transplanta-
tion has increased dramatically in Korea, from 28,046 in 
2000 to 75,042 in 2013 [10]. The prevalence of RRT was 

1,446 patients per million population (pmp), with an in-
cidence of 234 pmp in 2013. The cause of kidney failure 
was estimated to be DM in 48.0%, hypertension in 19.7%, 
and chronic glomerulonephritis in 8.3% of cases. The 
previously reported CKD prevalence calculated from the 
MDRD Study equation together with ACR was 13.7% in 
urban Korean volunteers aged ≥ 35 [11]. The CKD preva-
lence calculated from the MDRD Study equation alone 
was 8.8% in 2005 and 7.2% in 2007 in Korea National 
Health and Nutrition Examination Survey (KNHANES) 
subjects aged ≥ 20 [12]; the prevalence calculated using 
the MDRD Study equation with the dipstick proteinuria 
method has tended to decrease since 2001 in men and 
since 2005 in women among KNHANES I to IV (1998 
to 2009) subjects aged ≥ 20 [13]. Since there are no re-
ports on CKD prevalence using the CKD-EPI equations 
to estimate GFR and ACR to measure albuminuria for 
Koreans, a new analysis of CKD prevalence is neces-
sary. This study was therefore designed to investigate 
the prevalence of CKD in the Korean population using 
KNHANES samples, based on the definition and classi-
fication by KDIGO 2012 guidelines, as well as the impact 
of changes through a comparison of the CKD-EPI and 
MDRD Study equations for the estimation of GFR, and 
the associations between CKD and major risk factors, 
including DM, hypertension, age, and gender.

METHODS

Study population
This retrospective, population-based study was per-
formed using data acquired by the KNHANES V from 
2010 to 2012 [14]. KNHANES V was a cross-sectional, 
nationally representative survey with a multistage, strat-
ified, and probability sampling design based on sex, 
age, and geographical area using household registries. 
KNHANES, composed of a health questionnaire survey, 
physical examination, and nutrition survey, has been 
conducted periodically since 1998 to assess the health 
and nutritional status of the non-institutionalized Ko-
rean population by the Korea Centers for Disease Con-
trol and Prevention (KCDC). The study protocol was 
approved by the Institutional Review Board of KCDC 
(2010-02CON-21-C), and written informed consents 
were obtained from all subjects or their guardians. KN-
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HANES V data of 2010 were excluded as urine albumin 
was not measured until 2011. The inclusion criteria were 
(1) adults aged ≥ 19, and (2) available serum creatinine 
(Scr), urine albumin, and urine creatinine test results. 
Individuals aged ≥ 19 were classified as adults in the 
study due to the KDIGO guideline’s classification of 
children as birth to 18 [8]. 

Anthropometry and laboratory data
The health examination was performed in a mobile 
health examination center. All procedures were per-
formed under quality control. Blood pressure (BP) was 
measured by a trained nurse following a standard pro-
tocol in accordance with the recommendations of the 
American Heart Association. Three readings were ob-
tained via mercury sphygmomanometer (Baumanom-
eter, Baum, Copiague, NY, USA), and the mean of the 
second and third reading was reported as the final BP 
for individual participants. Body mass index (BMI) was 
calculated as body weight divided by the square of the 
height, and expressed in units of kg/m2.

Blood samples were collected from the median cubital 
or cephalic veins by a skilled nurse after an overnight 
fast. A random urine sample (first urine in the morn-
ing, if possible) was obtained in a conical container. The 
urine and pretreated blood samples were refrigerated 
and transported to the central laboratory within the day 
(Neodin Medical Institute, Seoul, Korea). Serum creati-
nine and urine creatinine were assayed by colorimetry 
using Creatinine-HR L-type Wako (Wako, Osaka, Ja-
pan) following the Jaffe method; fasting glucose con-
centration (fasting blood glucose, FBG) by an enzymatic 
method using Pureauto S GLU (Sekisui, Osaka, Japan); 
total cholesterol, high density lipoprotein cholesterol 
(HDL-C), and triglycerides by an enzymatic method; 
and urine albumin by turbidimetric assay using Albu-
min (Roche, Mannheim, Germany), all performed using 
a Hitachi Automatic Analyzer 7600 (Hitachi High-Tech-
nologies Co., Tokyo, Japan), which was calibrated using 
Calibrator for Automated Systems (Roche Diagnostics, 
Indianapolis, IN, USA). Glycated hemoglobin (A1c) was 
assayed by high performance liquid chromatography 
(HLC-723G7 A1c, Tosoh, Tokyo, Japan). Urine chemis-
try was tested by test strip (Urysis 2400 cassette, Roche) 
using Urisys 2400 (Roche). Low density lipoprotein cho-
lesterol (LDL-C) was computed using the Friedewald 

formula when triglycerides were less than 400 mg/dL.

Definitions of CKD and other chronic diseases 
CKD was defined and classified based on KDIGO guide-
lines using both GFR and urinary ACR [8]. GFR was es-
timated using CKD-EPI equations, taking into account 
gender and serum creatinine. ACR was computed and 
reported in milligrams per gram. Individuals with GFR 
< 60 mL/min/1.73 m2 or ACR ≥ 30 mg/g were classified 
as CKD patients. Hypertension was defined as having 
a systolic blood pressure (SBP) of ≥ 140 mmHg or a di-
astolic blood pressure (DBP) of ≥ 90 mmHg, or having 
received a physician’s diagnosis. DM was defined as hav-
ing A1c ≥ 6.5%, FBG of ≥ 126 mg/dL, or having received a 
physician’s diagnosis. Dyslipidemia was defined as hav-
ing total cholesterol ≥ 240 mg/dL, LDL-C ≥ 160 mg/dL, 
HDL-C < 40 mg/dL, triglycerides ≥ 200 mg/dL, or having 
received a physician’s diagnosis. 

Statistical analysis
Analyses were performed incorporating the sampling 
weights to obtain unbiased estimates from the complex 
KNHANES sampling design following the KNHANES 
recommendations. The study population was separat-
ed as a subpopulation, and the analysis was carried out 
on the entire KNHANES samples for 2011 and 2012 to 
represent all Korean adults without bias. In addition, 
weight adjustments were applied to the user-missing 
values to prevent skews in sampling design. The de-
mographic and biochemical characteristics of the study 
population were summarized and compared using the 
complex samples general linear model for continuous 
variables and the complex samples chi-square test for 
categorical variables. The mean and the 95% confidence 
interval (CI) were presented for data on continuous vari-
ables, whereas unweighted count with weighted per-
centage was presented for data on categorical variables. 
The complex samples chi-square test was used to an-
alyze prevalence of CKD by GFR with ACR categories, 
and GFR comparison between MDRD and CKD-EPI 
equations was expressed as a weighted percentage. A 
subpopulation was added to strata when performing the 
complex samples chi-square test. Associations of CKD, 
GFR, and ACR categories with various risk factors, in-
cluding gender, age, BMI, DM, hypertension, and dys-
lipidemia were expressed as an odds ratio (OR), which 
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was calculated using complex samples multivariate lo-
gistic regression analyses. All statistical analyses were 
performed using IBM SPSS version 21.0 (IBM Corp., 
Armonk, NY, USA). The statistical significance level was 
set at p < 0.05.

RESULTS

Characteristics of the study population
Among the total sample size of 16,576 from 2011 and 
2012, 64.7% satisfied the inclusion criteria (10,636 indi-
viduals: 5,388 and 5,248 from 2011 and 2012, respective-
ly) as shown in Fig. 1. The composition of neither the 
total adults nor the study population was statistically 
different between 2011 and 2012 (p = 0.232 and p = 0.087, 
respectively). The study population comprised 81.8% of 
total adults (81.0% and 82.7% from 2011 and 2012, re-
spectively, p = 0.173). The anthropometric and biochem-
ical characteristics of the study population in 2011 and 
2012 were comparable, except for HDL-C, LDL-C, and 
prevalence of dyslipidemia (Table 1). The percentage of 
men was 52.6%, and the mean age was 45.8 years (95% CI, 
45.2 to 46.3). The prevalence of BMI ≥ 25 was 33.2%. Mean 
serum creatinine was 0.86 mg/dL (95% CI, 0.85 to 0.86), 
with an estimated GFR of 96 mL/min/1.73 m2 (95% CI, 
96 to 97). Mean ACR was 18 mg/g (95% CI, 15 to 21), with 
urine albumin 22 μg/mL (95% CI, 19 to 26) and urine cre-
atinine 165 mg/dL (95% CI, 163 to 168). Mean SBP was 
118 mmHg (95% CI, 117 to 119), and DBP 76 mmHg (95% 
CI, 76 to 77). Mean FBG was 97 mg/dL (95% CI, 97 to 98), 
and A1c 5.7% (95% CI, 5.67 to 5.71). Mean total cholesterol, 

HDL-C, LDL-C, and triglycerides were 190 mg/dL (95% 
CI, 188 to 191), 49 mg/dL (95% CI, 49 to 50), 114 mg/dL 
(95% CI, 113 to 115), and 136 mg/dL (95% CI, 133 to 139), 
respectively.

Prevalence of CKD and other chronic diseases
The CKD prevalence in Korean adults was estimated as 
7.9% (7.8% in 2011 and 8.0% in 2012, p = 0.770) (Table 1). 
The prevalence of hypertension, DM, and dyslipidemia 
was 27.8% (27.2% in 2011 and 28.4% in 2012, p = 0.380), 
9.3% (9.7% in 2011 and 9.0% in 2012, p = 0.306), and 32.8% 
(34.6% in 2011 and 31.0% in 2012, p = 0.004), respective-
ly. The distribution of CKD prevalence classified by the 
GFR and ACR categories is shown in Table 2. The prev-
alence of low, moderately increased, high, and very high 
CKD risk prognosis was 92.0%, 6.3%, 1.1%, and 0.6%, re-
spectively. The prevalence of GFR < 60 mL/min/1.73 m2 

was 2.2%, whereas ACR ≥ 30 mg/g was 6.5% (A2 of 5.6% 
and A3 of 0.9%). The prevalence of ACR ≥ 30 mg/g in 
individuals with GFR ≥ 60 mL/min/1.73 m2 was 5.7% (A2 
of 5.1% and A3 of 0.6%). 

Comparison of GFR using CKD-EPI equations and 
the MDRD Study equation
The prevalence of each estimated GFR category using 

KNHANES V-2 (2011)

Total survey
sample

Adults (≥ 19)

Study 
population

8,518 (100)

6,566 (78.4)

5,388 (63.5)

KNHANES V-3 (2012)

8,058 (100)

6,293 (79.7)

5,248 (65.9)

Total

16,576 (100)

12,859 (79.0)
p = 0.232

10,636 (64.7)
p = 0.087

Figure 1. Selection of study population from the total survey 
samples. Values are presented as number (%). KNHANES V, 
the Fifth Korea National Health and Nutrition Examination 
Survey.

80

70

60

50

40

30

20

10

0
G1

CKD-EPI 6,268 (67.9) 3,988 (29.8) 297 (1.7) 62 (0.4) 17 (0.1) 4 (0.0)

MDRD 5,671 (59.4) 4,636 (38.7) 265 (1.6) 47 (0.3) 13 (0.1) 4 (0.0)

G2 G3a G3b G4 G5

Fr
eq

ue
nc

y (
%

)

GFR categories

CKD-EPI
MDRD

Figure 2. Comparison of glomerular f iltration rate (GFR) 
prevalence estimated by using the Chronic Kidney Disease 
Epidemiology Collaboration equation (CKD-EPI) versus 
Modif ication of Diet in Renal Disease Study equation 
(MDRD) Study equations. Values are presented as number (%) 
in the table.
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CKD-EPI equations and the MDRD Study equation is 
shown in Fig. 2. The prevalence of G1 was 67.9% and 
59.4% by CKD-EPI equations and the MDRD study 
equation, and G2 was 29.8% and 38.7%, respectively. The 
prevalence of GFR < 60 mL/min/1.73 m2 by the MDRD 
study equation was 2.0%, which was significantly less 
than the 2.2% by CKD-EPI equations (p < 0.001).

Comparison of ACR with proteinuria
The prevalence of at least 1+ proteinuria measured by 
test strip was 1.2%. The frequency of ACR categories 
compared with proteinuria categories is shown in Table 
3. The prevalence of at least 1+ proteinuria in A1, expect-
ed to be fully negative, was 0.1% whereas – or ± protein-
uria in A2 and A3, expected to be fully positive, were 5.3% 
and 0.3%, respectively. 

Associations of risk factors with CKD
Some interactions between demographic covariates, 
such as gender, age, and BMI, were present. The risk of 
BMI ≥ 25 for men was higher than for women (OR, 1.296; 
95% CI, 1.164 to 1.443; p < 0.001). The study population 
was stratified into six groups by age in 10-year incre-
ments: 19 to 28, 29 to 38, 39 to 48, 49 to 58, 59 to 68, and ≥ 
68. The ORs of increasing age (using the age group of 19 
to 28 as a reference) to BMI ≥ 25 were 1.731 (95% CI, 1.400 
to 2.139), 2.150 (95% CI, 1.757 to 2.632), 1.689 (95% CI, 1.376 
to 2.074), 2.092 (95% CI, 1.690 to 2.590), and 1.554 (95% 
CI, 1.255 to 1.924; p = 0.001), respectively. In addition, the 
composition of men significantly decreased in the ≥ 49 
age groups; ORs of men to increasing age (using the age 
group of 19 to 28 as a reference) were 0.931 (95% CI, 0.784 
to 1.105), 0.894 (95% CI, 0.750 to 1.065), 0.735 (95% CI, 0.625 
to 0.864), 0.691 (95% CI, 0.578 to 0.825), and 0.505 (95% CI, 

Table 1. Characteristics of the study population

Characteristic 2011 2012 Total p valuea

Number 5,388 5,248 10,636 0.087

Male sex 2,431 (52.5) 2,327 (52.7) 4,758 (52.6) 0.839

Age, yr 45.7 (44.8–46.5) 45.9 (45.2–46.6) 45.8 (45.2–46.3) 0.690

Body mass index ≥ 25 1,759 (32.8) 1,699 (33.6) 3,458 (33.2) 0.577

Serum creatinine, mg/dL 0.85 (0.85–0.86) 0.86 (0.85–0.87) 0.86 (0.85–0.86) 0.428

GFR, mL/min/1.73 m2 97 (96–97) 96 (95–97) 96 (96–97) 0.452

Urine albumin, μg/mL 23 (16–30) 22 (18–26) 22 (19–26) 0.787

Urine creatinine, mg/dL 163 (159–167) 168 (164–171) 165 (163–168) 0.126

ACR, mg/g 18 (14–22) 17 (14–21) 18 (15–21) 0.760

CKD prevalence 552 (7.8) 575 (8.0) 1,127 (7.9) 0.770

SBP, mmHg 118 (117–119) 118 (117–119) 118 (117–119) 0.400

DBP, mmHg 76 (76–77) 76 (76–77) 76 (76–77) 0.761

HTN prevalence 1,801 (27.2) 1,824 (28.4) 3,625 (27.8) 0.380

Hemoglobin A1c, % 5.7 (5.66–5,72) 5.7 (5.67–5.73) 5.7 (5.67–5.71) 0.725

FBG, mg/dL 97 (96–98) 97 (97–98) 97 (97–98) 0.271

DM prevalence 651 (9.7) 643 (9.0) 1,294 (9.3) 0.306

Total cholesterol, mg/dL 190 (188–191) 189 (188–191) 190 (188–191) 0.906

HDL-C, mg/dL 49 (48–49) 50 (50–51) 49 (49–50) < 0.001

LDL-C, mg/dL 115 (114–116) 113 (112–114) 114 (113–115) 0.020

Triglycerides, mg/dL 136 (132–140) 137 (132–141) 136 (133–139) 0.797

Dyslipidemia prevalence 2,053 (34.6) 1,799 (31.0) 3,852 (32.8) 0.004

Values are presented as number (%) or mean (95% confidence interval).
GFR, estimated glomerular filtration rate; ACR, albumin-to-creatinine ratio; CKD, chronic kidney disease; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; HTN, hypertension; FBG, fasting blood glucose; DM, diabetes mellitus; HDL-C, high 
density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol. 
aComparison between 2011 and 2012.
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0.421 to 0.607; p = 0.001), respectively. Thus, the associa-
tion analysis was performed separately for each gender. 
Because CKD is defined by both GFR and albuminuria, 
the associations between the risk factors and either de-
creased GFR or increased ACR were also studied. The 
frequency of women among CKD patients was 54.3%, 
which was significantly higher than that for men (p < 
0.001). Among individuals with ACR ≥ 30 mg/g, women 
accounted for 55.4% (p < 0.001); however, women consti-
tuted 48.7% of GFR < 60 mL/min/1.73 m2 (p = 0.683). The 
ORs of gender to CKD, ACR ≥ 30 mg/g, and GFR < 60 
mL/min/1.73 m2 for men were 1.354 (95% CI, 1.162 to 1.577; 
p < 0.001), 1.416 (95% CI, 1.193 to 1.682; p < 0.001), and 1.057 
(95% CI, 0.811 to 1.376; p = 0.683), respectively. The preva-

lence of BMI ≥ 25, CKD, GFR < 60 mL/min/1.73 m2, ACR 
≥ 30 mg/g, DM, hypertension, and dyslipidemia strati-
fied by age categories in men and women are shown in 
Tables 4 and 5. The ORs of covariates to the prevalence 
of CKD, GFR < 60 mL/min/1.73 m2, and ACR ≥ 30 mg/g, 
after adjusting for age, BMI, hypertension, DM, and dys-
lipidemia in men and women are listed in Table 6. 

Hypertensive patients showed a higher risk of CKD 
than the normotensive population (OR, 3.394 for men; 
OR, 2.935 for women; both p < 0.0001). The ORs of hy-
pertension to cause albuminuria were 3.351 (p < 0.001) for 
men and 3.067 (p < 0.001) for women, and to decrease 
GFR, 3.436 (p < 0.001) for men and 1.904 (p = 0.006) for 
women. Diabetic patients showed a higher risk of CKD 

Table 2. Prognosis of chronic kidney disease by GFR and ACR category among the Korean adult population 

Variable
ACR, mg/g

Total
A1 (< 30) A2 (30–300) A3 (> 300)

GFR, mL/min/1.73 m2

G1 (≥ 90) 5,932 (65.0)a 302 (2.7)b 34 (0.2)c 6,268 (67.9)

G2 (60–89) 3,577 (27.0)a 352 (2.4)b 59 (0.4)c 3,988 (29.8)

G3a (45–59) 217 (1.2)b 63 (0.4)c 17 (0.1)d 297 (1.7)

G3b (30–44) 25 (0.1)c 21 (0.1)d 16 (0.1)d 62 (0.4)

G4 (15–29) 5 (0.0)d 6 (0.0)d 6 (0.0)d 17 (0.1)

G5 (< 15) -d 1 (0.0)d 3 (0.0)d 4 (0.0)

Total 9,756 (93.5) 745 (5.6) 135 (0.9) 10,636 (100.0)

Values are presented as number (%). 
GFR, glomerular filtration rate; ACR, albumin-to-creatinine ratio.
aLow risk (if no other markers of kidney disease, no chronic kidney disease). 
bModerately increased risk. 
cHigh risk. 
dVery high risk.

Table 3. Comparison of urine protein excretion between ACR and proteinuria measured by test strip

Variable
ACR

Total
A1 A2 A3

Proteinuria

– 9,122 (86.4) 508 (3.6) 17 (0.1) 9,647 (90.1)

± 624 (6.9) 202 (1.7) 25 (0.2) 851 (8.7)

+ 9 (0.1) 32 (0.3) 48 (0.3) 89 (0.8)

++ 0 2 (0.0) 33 (0.3) 35 (0.3)

+++ 1 (0.0) 1 (0.0) 12 (0.1) 14 (0.1)

Total 9,756 (93.5) 745 (5.6) 135 (0.9) 10,636 (100)

Values are presented as number (%). 
ACR, albumin-to-creatinine ratio.
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than the nondiabetic population (OR, 3.145 for men; 
OR, 1.983 for women; both p < 0.001). The ORs of DM 
to cause albuminuria were 3.144 (p < 0.001) for men and 
2.022 (p < 0.001) for women, and to decrease GFR 1.965 
(p = 0.004) for men and 1.764 (p = 0.013) for women. Dys-
lipidemia showed a significant association with CKD in 
women (OR, 1.324; p = 0.023), but not in men (OR, 1.175; p 
= 0.243). Increasing age and obesity (BMI ≥ 25) showed a 
positive correlation with CKD.

DISCUSSION 

This study is the first to report CKD prevalence using 
GFR estimated by using CKD-EPI equations together 
with ACR for albuminuria in the Korean population. 
The prevalence of CKD was 7.9% in the KNHANES sam-
ples of 2011 and 2012 in Korean adults aged ≥ 19, and 
the CKD risk prognosis was reported in Table 2. The 

CKD risk prognosis from moderately increased to very 
high reported in this study was lower than that in the 
USA [15]. GFR and albuminuria are independent and 
complementary predictors of important clinical out-
comes, including CKD progression, end-stage renal dis-
ease, acute kidney injury, cardiovascular mortality, and 
all-cause mortality [16-19]. The frequencies of GFR < 60 
mL/min/1.73 m2 showed sharp increases starting from 
around age 50 for men and 60 for women, whereas those 
of ACR ≥ 30 mg/g increased relatively gradually, starting 
from earlier ages, as shown in Table 4 and 5. The rate 
of decline of measured GFR was reported to double in 
kidney transplantation donors aged > 45 years [20]. The 
prevalence of estimated GFR < 60 mL/min/1.73 m2 using 
CKD-EPI equations and the MDRD Study equation was 
2.2% and 2.0% in this study, but 2.6% and 3.2%, respec-
tively in the previous study [7]. The statistical method 
used in the current study was complex sample analysis 
incorporating sampling weight, in contrast to the previ-

Table 4. Prevalence of CKD, GFR, and ACR, stratified by age groups, in men

Age, yr Male sex BMI ≥ 25 CKD
GFR, < 60 mL/

min/1.73 m2 ACR ≥ 30 mg/g Diabetes mellitus Hypertension Dyslipidemia

19–28 471 (18.1) 130 (5.0) 5 (0.2) - 5 (0.2) 1 (0.0) 46 (1.8) 98 (3.8)

29–38 786 (21.2) 318 (8.8) 20 (0.5) - 20 (0.5) 18 (0.6) 131 (3.5) 266 (6.9)

39–48 858 (22.4) 364 (9.9) 39 (1.0) 1 (0.0) 38 (1.0) 61 (1.5) 235 (6.3) 340 (8.4)

49–58 927 (19.5) 320 (6.4) 76 (1.5) 19 (0.4) 68 (1.3) 138 (2.8) 350 (7.4) 409 (8.5)

59–68 859 (10.7) 289 (3.6) 128 (1.6) 37 (0.5) 105 (1.3) 216 (2.7) 468 (5.8) 399 (4.7)

≥ 68 857 (8.1) 218 (2.1) 220 (2.1) 131 (1.2) 132 (1.3) 206 (2.0) 513 (4.9) 379 (3.4)

Total 4,758 (100) 1,639 (35.9) 488 (6.9) 188 (2.2) 368 (5.5) 640 (9.6) 1,743 (29.7) 1,891 (35.8)

Values are presented as number (%). 
CKD, chronic kidney disease; GFR, glomerular filtration rate; ACR, albumin-to-creatinine ratio; BMI, body mass index. 

Table 5. Prevalence of CKD, GFR, and ACR, stratified by age groups, in women

Age, yr Female sex BMI ≥ 25 CKD
GFR, < 60 mL/

min/1.73 m2 ACR ≥ 30 mg/g
Diabetes 
mellitus

Hypertension Dyslipidemia

19–28 518 (14.6) 75 (2.2) 18 (0.4) - 18 (0.4) 2 (0.1) 3 (0.1) 43 (1.3)

29–38 931 (18.4) 190 (4.4) 27 (0.6) 1 (0.0) 27 (0.6) 17 (0.3) 29 (0.7) 131 (2.8)

39–48 987 (20.2) 291 (6.5) 53 (1.0) 2 (0.1) 53 (1.0) 41 (0.9) 119 (2.8) 212 (4.7)

49–58 1,252 (21.4) 422 (7.2) 87 (1.5) 7 (0.1) 85 (1.5) 121 (2.1) 375 (6.2) 486 (8.0)

59–68 1,065 (12.5) 436 (5.3) 142 (1.7) 26 (0.3) 128 (1.6) 200 (2.3) 555 (6.5) 554 (6.5)

≥ 68 1,125 (13.0) 405 (4.6) 312 (3.8) 156 (1.8) 201 (2.5) 273 (3.3) 801 (9.4) 535 (6.1)

Total 5,878 (100) 1,819 (30.2) 639 (9.1) 192 (2.3) 512 (7.7) 654 (9.1) 1,882 (25.7) 1,0.961 (29.4)

Values are presented as number (%). 
CKD, chronic kidney disease; GFR, glomerular filtration rate; ACR, albumin-to-creatinine ratio; BMI, body mass index. 
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ous study which did not consider weight in the analysis. 
The frequencies of GFR stage G1 and G2 by CKD-EPI 
equations were 67.7% and 29.8%, whereas those by the 
MDRD Study equation were 59.4% and 38.7%, respec-
tively, in this study. These numbers are comparable to 
the previous study, considering the different analyti-
cal methods; the frequencies of GFR stage G1 and G2 
by CKD-EPI equations were 64.5% and 28.9%, whereas 
those by the MDRD Study equation were 47.6% and 
49.2%, respectively [7]. These results confirm the tenden-
cy to underestimate GFR by the MDRD Study equation 
when GFR is 60 mL/min/1.73 m2 or greater. The previous 
report of lower prevalence of GFR stage G3 using CKD-
EPI equations than with the MDRD Study equation was 

not observed in this study [5]. Among the population of 
the previous study, the frequencies of G3 by CKD-EPI 
equations and the MDRD Study equation (33.2% and 
37.2%, respectively) were far greater than those among 
the Korean population (2.1% and 1.9%, respectively). 
This difference in the study population might explain 
the current result.

The prevalence of ACR ≥ 30 mg/g in the entire study 
population, and ACR ≥ 30 mg/g in individuals with GFR 
≥ 60 mL/min/1.73 m2 was 6.5% and 5.7%, respectively, in 
this study. The prevalence of ACR ≥ 30 mg/g in the en-
tire study population and ACR ≥ 30 mg/g in individuals 
with GFR ≥ 60 mL/min/1.73 m2 aged ≥ 35 years was 10.2% 
and 8.7%, respectively, in the previous Korean popula-

Table 6. Results for multivariate logistic regression analysis to examine the associations between covariates and CKD, GFR, 
and ACR by gender

Covariates
CKD GFR < 60 mL/min/1.73 m2 ACR ≥ 30 mg/g

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value
Male

Age < 0.001 < 0.001 < 0.001

19–28 0.068 (0.021–0.221) - 0.134 (0.041–0.436)

29–38 0.134 (0.074–0.243) - 0.268 (0.144–0.499)

39–48 0.209 (0.130–0.335) 0.009 (0.001–0.064) 0.410 (0.252–0.666)

49–58 0.308 (0.217–0.437) 0.156 (0.089–0.272) 0.519 (0.353–0.764)

59–68 0.474 (0.342–0.657) 0.237 (0.157–0.359) 0.723 (0.505–1.036)

≥ 68 1 1 1

BMI ≥ 25 1.514 (1.117–2.051) 0.008 1.521 (1.006–2.298) 0.047 1.407 (1.012–1.956) 0.042

Diabetes mellitus 3.145 (2.318–4.267) < 0.001 1.965 (1.244–3.104) 0.004 3.144 (2.233–4.426) < 0.001

Hypertension 3.394 (2.473–4.658) < 0.001 3.436 (2.172–5.435) < 0.001 3.351 (2.345–4.788) < 0.001

Dyslipidemia 1.175 (0.896–1.541) 0.243 1.544 (1.038–2.296) 0.032 1.103 (0.809–1.504) 0.534

Female

Age < 0.001 < 0.001 0.004

19–28 0.256 (0.141–0.467) - 0.465 (0.250–0.865)

29–38 0.224 (0.127–0.397) 0.010 (0.001–0.074) 0.408 (0.227–0.733)

39–48 0.287 (0.187–0.438) 0.034 (0.007–0.151) 0.520 (0.341–0.792)

49–58 0.305 (0.221–0.419) 0.040 (0.017–0.096) 0.541 (0.382–0.765)

59–68 0.427 (0.322–0.567) 0.179 (0.104–0.308) 0.685 (0.504–0.929)

≥ 68 1 1 1

BMI ≥ 25 1.630 (1.303–2.039) < 0.001 1.376 (1.008–1.879) 0.045 1.612 (1.256–2.067) < 0.001

Diabetes mellitus 1.983 (1.480–2.657) < 0.001 1.764 (1.129–2.756) 0.013 2.022 (1.505–2.717) < 0.001

Hypertension 2.935 (2.153–4.002) < 0.001 1.904 (1.204–3.010) 0.006 3.067 (2.187–4.300) < 0.001

Dyslipidemia 1.324 (1.040–1.686) 0.023 1.361 (0.891–2.079) 0.153 1.254 (0.977–1.610) 0.075

CKD, chronic kidney disease; GFR, glomerular filtration rate; ACR, albumin-to-creatinine ratio; OR, odds ratio; CI, confidence 
interval; BMI, body mass index.
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tion [11]. Besides the different age criteria, the popula-
tions of the previous and current study are quite differ-
ent; the previous study was designed by the researcher 
group considering age, gender, and city factors not us-
ing the KNHANES sample data. Although the absolute 
values are different, the important point in common is 
that a large number of people have albuminuria before 
GFR decreases to < 60 mL/min/1.73 m2 (85.3% and 87.7% 
of the albuminuria cases did not have decreased GFR in 
the previous and current study, respectively). As shown 
in Table 3, test strips did not detect albuminuria in 81.5% 
of cases. At present, laboratory tests for albuminuria are 
not routinely performed during regular physical exam-
inations in Korea. This might result in the failure of ear-
ly detection of kidney disorders.

The prevalence of CKD in men and women was 6.9% 
and 9.1%, respectively (p < 0.001). Besides gender itself, 
age distribution, frequency of obesity (BMI ≥ 25), and 
concurrent chronic diseases, including DM, hyper-
tension, and dyslipidemia, were different according 
to gender. Thus, the risk of CKD is higher in women 
than men (OR, 1.354; p < 0.001), and the difference seems 
to be caused by the susceptibility to albuminuria (OR, 
1.416; p < 0.001) rather than decreased GFR (OR, 1.057; p = 
0.683). When GFR was estimated using the MDRD Study 
equation, the increased risks of GFR < 60 mL/min/1.73 
m2 in women were observed in previous studies: OR, 
3.16 (p < 0.001) using KNHANES III and IV-1 [12]; fre-
quencies of 3.4%, 9.7%, 10.2%, and 4.6% in women, and 
1.0%, 5.4%, 3.1%, and 2.6% were seen in men through 
KNHANES I-IV [13]. There seemed to be no difference 
in ACR according to gender in the previous study (10.1% 
and 10.3% in women and men, respectively) [11]. A sim-
ilar observation was reported for proteinuria by gender 
(frequencies of 3.3%, 2.3%, 1.4%, and 1.9% in women, and 
3.1%, 3.0%, 2.8%, and 2.2% in men through KNHANES 
I to IV) [13]. Direct comparison is difficult due to the 
difference in the designs of study populations [11] and 
laboratory test methods using dipstick proteinuria and 
ACR [13]. Increasing age and obesity (BMI ≥ 25) correlat-
ed significantly with CKD, as shown in Table 6, which 
agreed with previous studies [11-13]. Hypertension and 
DM are both major risk factors and consequences of 
CKD [21-23]. Concurrent chronic diseases such as DM 
and hypertension increased the risk of CKD consistent-
ly [11-13]. Diabetic patients are susceptible to glomerular 

disease and hypertensive patients to renal vascular dis-
ease [8]. Since the prevalence of DM was higher in men 
than women, with the opposite for prevalence of CKD, 
the OR of DM to CKD in men was higher than wom-
en, as shown in Table 6. Moreover, DM was correlated 
with increased ACR rather than decreased GFR in this 
study. Since increased ACR appeared at an earlier age 
in women than men, and decreased GFR was preceded 
by increased ACR, the difference between ORs to GFR 
< 60 mL/min/1.73 m2 and ACR ≥ 30 mg/g in hyperten-
sive women was greater than hypertensive men. On the 
other hand, the association of CKD with dyslipidemia 
has not yet been clarified. Limited availability of direct 
LDL-C measurement, unstandardized laboratory assay 
methods for HDL-C, and lack of a uniform definition 
of dyslipidemia between the studies made it difficult to 
evaluate their associations. 

The major limitation of this study is the lack of the 
evaluation for chronicity assessment and use of single 
measurements for laboratory tests due to the cross-sec-
tional data characteristics. According to the definition of 
CKD by the KDIGO guideline, the functional or struc-
tural disorder should last > 3 months. The rationale for 
defining chronicity is to differentiate CKD from acute 
kidney diseases, which may require different interven-
tions and have different etiologies and outcomes [24].

In addition, there is still the discrepancy between 
measured and estimated GFR using CKD-EPI equations. 
GFR estimation using equations is convenient, but mea-
surement of GFR should be considered to diagnose a 
specific patient. Finally, association analysis could not 
provide conclusive causal relationships due to the study 
characteristics. However, the representative features of 
the KNHANES sample data cannot be overlooked.

In conclusion, the prevalence of CKD using estimated 
GFR by the CKD-EPI equation and ACR for albumin-
uria measurement was 7.9% in the KNHANES samples 
of 2011 and 2012 in Korean adults aged ≥ 19. The preva-
lence of albuminuria (ACR ≥ 30 mg/g) before decline in 
GFR (GFR ≥ 60 mL/min/1.73 m2) was 5.7%. Despite KDI-
GO guidelines to prevent or delay progression of CKD 
in its early stages, implementation remains difficult 
due to practical limitations [25]. The failure to recognize 
CKD in its early stage may result in complications such 
as premature RRT. Thus, urinalysis to detect albumin 
should be strongly recommended for patients with 
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higher risk of CKD and CVD [8,26]. As there is a consen-
sus about the risk of CKD with DM and hypertension, 
regular albuminuria testing for at least these patients to 
detect kidney disease at an early stage must be consid-
ered. Public policies for effective delivery of appropriate 
CKD care should be addressed. 
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