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This study examined the association between hypertension (HTN), estimated glomerular filtration 
rate (eGFR), and urine microalbumin/creatinine ratio (ACR) in Korean adults. Data for 8,922 adults 
(3,941 men and 4,981 women) aged ≥20 years from the Sixth Korean National Health and Nutrition 
Examination Survey VI (2013∼2014) were analyzed. In men, after adjusting for the related variables, 
the odds ratios (ORs) of HTN [systolic blood pressure (SBP) ≥140 mmHg, diastolic blood pressure 
(DBP) ≥90 mmHg, or use of HTN medications] were significantly higher in the decreased eGFR 
group [eGFR ＜60 mL/min/1.73 m2, 1.98 (95% CI, 1.21∼3.24)], elevated ACR group [ACR ≥30 
mg/g, 2.03 (95% CI, 1.54∼2.69)], and decreased eGFR plus elevated ACR group [eGFR ＜60 
mL/min/1.73 m2 and ACR ≥30 mg/g, 6.03 (95% CI, 2.82∼12.92)] than in the normal group (eGFR 
≥60 mL/min/1.73 m2 and ACR ＜30 mg/g). In women, after adjusting for the related variables, the 
ORs of HTN were significantly higher in the decreased eGFR group (2.29, 95% CI, 1.27∼4.13), 
elevated ACR group (2.22, 95% CI, 1.68∼2.94), and decreased eGFR plus elevated ACR group 
(10.77, 95% CI, 3.89∼29.82) than the normal group. In conclusion, HTN was associated with a 
decreased eGFR and elevated ACR in Korean men and women. In addition, the prevalence of HTN 
increased greatly when a decreased eGFR and elevated ACR occurred simultaneously.
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INTRODUCTION

Chronic kidney disease (CKD) is a major global 

public health problem [1]. The prevalence of CKD is 10 

to 16% among the adult population in Asia, Europe, and 

the USA [2-4]. CKD is defined as estimated glomerular 

filtration rate (eGFR) ＜60 mL/min/1.73 m2 and is 

known to be a major cause of cardiovascular disease 

(CVD) and all-cause mortality [5, 6]. Hypertension 

(HTN) is defined as SBP ≥140 mmHg or DBP ≥90 

mmHg or use of HTN medications [7]. Hypertension 

(HTN) and CKD are important independent risk factors 

for CVD [7]. In particular, HTN is highly prevalent in 

populations with end stage renal disease (ESRD) 

receiving hemodialysis [8, 9].

Albuminuria is known as a strong risk factor for CVD 

including hypertension, ischemic heart disease, and 

stroke and increases the risks of all-cause and 

cardiovascular mortality and morbidity [10, 11]. An 

increase in the urine microalbumin/creatinine ratio 
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(ACR) is an important predictor for the progression of 

diabetic nephropathy (DN) [12]. In particular, it is 

important to monitor ACR in populations with CKD. 

Some studies have suggested that CVD mortality and 

the prevalence of ESRD increase greatly when CKD and 

albuminuria occur simultaneously [13, 14]. Therefore, 

our objective in this study was to assess the association 

of HTN with eGFR and ACR in Korean adults using data 

from the Sixth Korean National Health and Nutrition 

Examination Survey (KNHANES VI; 2013∼2014), which 

is representative of the Korean population.

MATERIALS AND METHODS

1. Study subjects

This study was performed using data from the Sixth 

Korean National Health and Nutrition Examination 

Survey (KNHANES VI). KNHANES VI were each 

conducted for 2 years (2013∼2014), using a rolling 

sampling survey that involved a complex, stratified, 

multistage, probability cluster survey of a representative 

sample of the non-institutionalized civilian population 

in South Korea. The survey was composed of three 

parts: a health interview survey, a health examination 

survey, and a nutrition survey. Each survey was conducted 

by specially trained interviewers. The interviewers were 

not provided with any prior information regarding 

specific participants before conducting the interviews. 

Participants provided written informed consent to 

participate in this survey, and we received the data in 

anonymized form. In the KNHANES VI (2013∼2014), 

15,568 individuals over age 1 were sampled for the 

survey. Among them, of the 11,925 subjects who parti-

cipated in the KNHANES VI, we limited the analyses to 

adults aged ≥20 years. We excluded participants 3,003 

subjects whose data were missing for important 

analytic variables, such as blood pressure, urine micro-

albumin and creatinine level, and various blood 

chemistry tests. Finally, 8,922 adults (3,941 men and 

4,981 women) subjects were included in the statistical 

analysis. The KNHANES VI study has been conducted 

according to the principles expressed in the Decla-

ration of Helsinki (Institutional Review Board No, 

2013-07CON-03-4C; 2013-12EXP-03-5C). All partici-

pants in the survey signed an informed written consent 

form. Further information can be found in “The 

KNHANES VI Sample”, which is available on the 

KNHANES website. The data from KNHANES is 

available on request by email if the applicant logs onto 

the “Korea National Health and Nutrition Examination 

Survey” website.

2. General characteristics and blood chemistry

Research subjects were classified by sex (men or 

women). Anthropometric measurements included 

measurement of body mass index (BMI) and waist 

circumference (WC), as well as final measurements of 

systolic blood pressure (SBP) and diastolic blood 

pressure (DBP). Blood chemistries included measurements 

of total cholesterol (TC), high density lipoprotein 

cholesterol (HDL-C), triglycerides (TGs), fasting blood 

glucose (FBG), blood urea nitrogen (BUN), serum 

creatinine (SCr), urine microalbumin, and urine creatinine 

(UCr).

3. Glomerular filtration rate and urine microalbumin 

and hypertension

Adult GFR was estimated from the simplified 

equation developed using the Chronic Kidney Disease 

Epidemiology Collaboration (CKD-EPI) equation: GFR= 

141×min (SCr/κ, 1) α×max (Scr/κ,1)−1.209×0.993 Age×1.018 

[if female]×1.159 [if black], where SCr indicates serum 

creatinine and κ is a correction factor, defined as 

follows: → 0.7 if women and → 0.9 if men [15]. The 

decreased eGFR was classified as eGFR ＜60 mL/min/ 

1.73 m2 [15]. Urine microalbumin was measured with a 

turbidimetric assay (Albumin; Roche, Germany) using a 

Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, 

Japan). The 99 creatinine was measured with a 

colorimetric assay (CREA; Roche, USA) using a Hitachi 

Automatic Analyzer 7600 (Hitachi, Tokyo, Japan). The 

elevated ACR was classified as ACR ≥30 mg/g [13]. HTN 
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Table 1. Clinical characteristics of research subjects N (%), M±SD

Variables Category
Total

(N=8,922)
Men

(N=3,941)
Women

(N=4,981)
P

Age (years) 50.41±15.71 50.15±15.93 50.62±15.54 0.163

＜40 2,514 (28.2) 1,155 (29.3) 1,369 (27.3) 0.007

40∼49 1,704 (19.1) 763 (19.4) 941 (18.9)

50∼59 1,874 (21.0) 765 (19.4) 1,109 (22.3)

≥60 2,830 (31.7) 1,258 (31.9) 1,572 (31.5)

eGFR (mL/min/1.73 m2) 93.59±18.19 90.82±17.16 95.78±18.68 ＜0.001

eGFR ≥60 8,662 (97.1) 3,801 (96.4) 4,861 (97.6) 0.001

eGFR ＜60 260 (2.9) 140 (3.6) 120 (2.4)

ACR (mg/g) 19.33±133.96 22.54±158.21 16.80±111.04 0.044

ACR ＜30 8,193 (91.9) 3,604 (91.4) 4,592 (92.2) 0.203

ACR ≥30 726 (8.1) 337 (8.6) 389 (7.8)

BMI (kg/m2) 23.79±3.36 24.25±3.22 23.43±3.42 ＜0.001

WC (cm) 80.98±9.71 84.55±8.83 78.15±9.45 ＜0.001

SBP (mmHg) 117.83±16.56 120.16±15.14 116.03±17.39 ＜0.001

DBP (mmHg) 75.09±10.41 77.48±10.71 73.19±9.77 ＜0.001

Normal BP 6,341 (71.1) 2,665 (67.6) 3,676 (73.8) ＜0.001

Hypertension 2,581 (28.9) 1,276 (32.4) 1,305 (26.2)

TC (mg/dL) 188.77±35.34 186.91±34.27 190.25±35.34 ＜0.001

TGs (mg/dL) 136.28±107.77 161.03±131.87 116.71±78.61 ＜0.001

HDL-C (mg/dL) 52.41±12.43 48.73±11.49 55.31±12.37 ＜0.001

FBG (mg/dL) 99.63±21.69 101.91±22.46 97.83±20.89 ＜0.001

BUN (mg/dL) 14.43±4.39 15.26±4.30 13.77±4.36 ＜0.001

SCr (mg/dL) 0.83±0.24 0.98±0.23 0.72±0.19 ＜0.001

Urine microalbumin (μg/dL) 23.28±127.15 30.32±168.06 17.71±80.91 ＜0.001

UCr (mg/dL) 153.46±85.67 179.78±89.67 132.63±76.18 ＜0.001

Abbreviations: eGFR, estimated glomerular filtration rate ACR, Urine microalbumin/creatinine ratio; BMI, body mass index; WC, waist 
circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; Hypertension, SBP≥140 mmHg or DBP≥90 mmHg or use 
of hypertension medications; TC, total cholesterol; TGs, triglycerides; HDL-C, high density lipoprotein cholesterol; FBG, fasting blood glucose;
BUM, blood urea nitrogen; SCr, serum creatinine; UCr, urine creatinine.

was classified as SBP ≥140 mmHg or DBP ≥90 mmHg 

or use of HTN medications [7].

4. Statistical analysis

The collected data were statistically analyzed using 

SPSS WIN version 18.0 (SPSS Inc., Chicago, IL, USA). In 

statistical analyses, continuous variables were reported 

as mean±standard deviation (M±SD). Clinical charac-

teristics according to men and women were analyzed 

using chi-square and an independent t-test (see Table 

1). Clinical characteristics according to the normal, 

decreased eGFR, elevated ACR, and decreased eGFR 

plus elevated ACR in men (see Table 2) and women (see 

Table 3) were calculated using chi-squared and an 

analysis of variance test (ANOVA). We conducted 

correlation analysis for SBP and DBP in men and 

women (see Table 4). In the case of logistic regression 

for odds ratio of HTN in men and women (see Table 5), 

the 4 models constructed were: 1) non-adjusted; 2) 

adjusted for age; 3) further adjusted for BMI and WC; 4) 

further adjusted for TC, TGs, HDL-C, and FBG. The 

significance level for all of the statistical data was set as 

P＜0.05.

RESULTS

1. Clinical characteristics of research subjects

The clinical characteristics of the research subjects 

are shown in Table 1. In men (N =3,941), eGFR, ACR, 

SBP, and DBP were 90.82±17.16 mL/min/1.73 m2, 

22.54±158.21 mg/g, 120.16±15.14 mmHg, and 77.48± 

10.71 mmHg, respectively. The prevalence rates of 

decreased eGFR, elevated ACR, and HTN were 3.6% 

(N=140), 8.6% (N=337), and 32.4% (N=1,276), respectively. 
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Table 2. Clinical characteristics of subjects according to the normal, decreased eGFR, elevated ACR, and decreased eGFR plus elevated 
ACR in men (N=3,941)

Variables
Normal

(N=3,520)
Decreased eGFR

(N=84)
Elevated ACR

(N=281)
Decreased eGFR plus 
elevated ACR (N=56)

P

Age (years) 48.79±15.66 68.43±8.66 58.31±13.86 67.00±11.84 ＜0.001

SBP (mmHg) 119.13±14.32 119.86±13.43 131.23±19.09 130.18±19.11 ＜0.001

DBP (mmHg) 77.39±10.28 71.26±9.94 80.96±14.18 74.66±12.35 ＜0.001

Hypertension 1,006 (28.6) 55 (65.5) 168 (59.8) 47 (83.9) ＜0.001

BMI (kg/m2) 24.18±3.15 24.28±2.82 25.05±3.96 24.84±3.54 ＜0.001

WC (cm) 84.21±8.64 86.72±8.01 87.57±10.52 87.56±10.52 ＜0.001

TC (mg/dL) 187.03±34.57 176.24±34.30 191.32±41.28 173.59±41.87 ＜0.001

TGs (mg/dL) 157.33±126.21 158.73±91.76 210.80±194.97 147.63±81.07 ＜0.001

HDL-C (mg/dL) 49.21±11.49 43.70±10.46 47.81±11.50 42.71±9.62 ＜0.001

FBG (mg/dL) 100.13±19.97 105.00±25.75 119.91±35.46 119.30±32.39 ＜0.001

BUN (mg/dL) 14.94±3.84 20.94±6.42 15.54±4.35 25.07±7.91 ＜0.001

SCr (mg/dL) 0.95±0.12 1.45±0.23 0.95±0.15 1.81±1.19 ＜0.001

eGFR (mL/min/1.73 m2) 92.46±15.14 52.80±7.46 90.52±18.99 46.66±12.10 ＜0.001

ACR (mg/g) 5.24±5.31 8.51±7.56 149.50±261.70 493.87±1055.69 ＜0.001

Urine microalbumin (μg/dL) 9.61±11.18 13.33±14.42 210.32±396.49 454.11±915.64 ＜0.001

UCr (mg/dL) 184.19±90.57 148.59±74.45 145.72±74.21 120.45±49.99 ＜0.001

Abbreviations: Normal, eGFR≥60 mL/min/1.73 m2 and ACR＜30 mg/g; Decreased eGFR, eGFR＜60 mL/min/1.73 m2; Elevated ACR, ACR≥30
mg/g; Decreased eGFR plus Elevated ACR, eGFR＜60 mL/min/1.73 m2 and ACR≥30 mg/g. Hypertension, SBP≥140 mmHg or DBP≥90 
mmHg or use of hypertension`n medications.

Table 3. Clinical characteristics of subjects according to the normal, decreased eGFR, elevated ACR, and decreased eGFR plus elevated 
ACR in women (N=4,981)

Variables
Normal

(N=4,516)
Decreased eGFR

(N=76)
Elevated ACR

(N=345)
Decreased eGFR plus 
Elevated ACR (N=44)

P

Age (years) 49.64±15.21 72.18±6.94 56.71±15.57 65.57±13.49 ＜0.001

SBP (mmHg) 114.82±16.62 125.17±17.66 127.73±20.13 133.09±22.92 ＜0.001

DBP (mmHg) 72.94±9.51 70.93±11.76 76.75±10.86 74.70±15.48 ＜0.001

Hypertension 1,033 (22.9) 59 (77.6) 175 (50.7) 38 (86.4) ＜0.001

BMI (kg/m2) 23.30±3.34 25.02±3.30 24.56±4.04 24.60±4.11 ＜0.001

WC (cm) 77.71±9.22 84.24±9.23 81.91±10.62 83.77±10.88 ＜0.001

TC (mg/dL) 189.83±35.05 190.87±41.94 196.72±36.63 180.66±37.11 0.001

TGs (mg/dL) 114.20±77.74 150.05±83.81 139.01±82.70 141.91±82.60 ＜0.001

HDL-C (mg/dL) 55.63±12.34 49.03±11.87 53.08±11.93 51.16±14.74 ＜0.001

FBG (mg/dL) 96.63±18.32 105.64±18.24 110.18±39.04 110.14±29.71 ＜0.001

BUN (mg/dL) 13.53±3.90 20.05±7.28 14.12±4.04 25.50±12.82 ＜0.001

SCr (mg/dL) 0.71±0.10 1.09±0.13 0.71±0.11 1.57±1.41 ＜0.001

eGFR (mL/min/1.73 m2) 97.10±17.25 53.57±5.99 94.14±19.39 45.71±13.82 ＜0.001

ACR (mg/g) 6.40±5.69 8.20±7.02 113.32±266.00 358.09±810.03 ＜0.001

Urine microalbumin (μg/dL) 8.68±9.52 10.27±15.57 104.35±163.85 277.73±628.81 ＜0.001

UCr (mg/dL) 134.84±76.58 111.41±76.87 113.93±69.14 89.34±42.01 ＜0.001

Abbreviation: See Table 2.

In women (N=4,981), eGFR, ACR, SBP, and DBP were 

95.78±18.68 mL/min/1.73 m2, 16.80±111.04 mg/g, 

116.03±17.39 mmHg, and 73.19±9.77 mmHg, respec-

tively. The prevalence rates of decreased eGFR, elevated 

ACR, and HTN were 2.4% (N=120), 7.8% (N=389), and 

26.2% (N=1,305), respectively.

2. Clinical characteristics of subjects according to the 

normal, decreased eGFR, elevated ACR, and 

decreased GFR plus elevated ACR in men and 

women

The clinical characteristics of the subjects according 

to the normal, decreased eGFR and elevated ACR in 
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Table 4. Correlation analysis for SBP and DBP in men and women (N=8,922)

Variables

Men (N=3,941) Women (N=4,981)

SBP (mmHg) DBP (mmHg) SBP (mmHg) DBP (mmHg)

Pearson
r

P
Pearson

r
P

Pearson
r

P
Pearson

r
P

Age (years) 0.259 ＜0.001 −0.133 ＜0.001 0.523 ＜0.001 0.143 ＜0.001

BMI (kg/m2) 0.186 ＜0.001 0.287 ＜0.001 0.309 ＜0.001 0.221 ＜0.001

WC (cm) 0.206 ＜0.001 0.207 ＜0.001 0.337 ＜0.001 0.191 ＜0.001

TC (mg/dL) 0.066 ＜0.001 0.180 ＜0.001 0.204 ＜0.001 0.199 ＜0.001

TGs (mg/dL) 0.125 ＜0.001 0.188 ＜0.001 0.245 ＜0.001 0.174 ＜0.001

HDL-C (mg/dL) 0.001 ＜0.001 −0.021 0.197 −0.135 ＜0.001 −0.030 0.033

FBG (mg/dL) 0.166 ＜0.001 0.047 0.003 0.224 ＜0.001 0.087 ＜0.001

BUN (mg/dL) 0.045 0.004 −0.101 ＜0.001 0.229 ＜0.001 0.033 0.019

SCr (mg/dL) 0.008 0.603 −0.040 0.012 0.074 ＜0.001 0.036 0.011

eGFR (mL/min/1.73 m2) −0.072 ＜0.001 0.040 0.012 −0.228 ＜0.001 −0.087 ＜0.001

ACR (mg/g) 0.140 ＜0.001 0.006 0.707 0.106 ＜0.001 0.080 ＜0.001

Urine microalbumin (μg/dL) 0.130 ＜0.001 0.027 0.088 0.098 ＜0.001 0.083 ＜0.001

UCr (mg/dL) −0.168 ＜0.001 0.006 0.701 −0.238 ＜0.001 −0.083 ＜0.001

Table 5. Comparisons of hypertension odds ratio according to the normal, decreased eGFR, elevated ACR, and decreased eGFR plus 
elevated ACR in men and women (N=8,922)

Gender Variables
Hypertension

Model 1 Model 2 Model 3 Model 4

Men (N=3,941) Normal 1 1 1 1

Decreased eGFR 4.74 (3.01∼7.48) 2.08 (1.30∼3.33) 1.88 (1.16∼3.05) 1.98 (1.21∼3.24)

Elevated ACR 3.72 (2.90∼4.77) 2.71 (2.09∼3.53) 2.34 (1.78∼3.07) 2.03 (1.54∼2.69)

Decreased eGFR plus 
  elevated ACR

13.05 (6.37∼26.73) 6.71 (3.21∼14.06) 5.84 (2.75∼12.39) 6.03 (2.82∼12.92)

Women (N=4,981) Normal 1 1 1 1

Decreased eGFR 11.70 (6.79∼20.16) 2.50 (1.41∼4.43) 2.32 (1.30∼4.15) 2.29 (1.27∼4.13)

Elevated ACR 3.47 (2.78∼4.34) 2.71 (2.08∼3.54) 2.41 (1.83∼3.16) 2.22 (1.68∼2.94)

Decreased eGFR plus 
  elevated ACR

21.35 (9.00∼50.66) 12.59 (4.69∼33.81) 12.56 (4.51∼34.99) 10.77 (3.89∼29.82)

Abbreviation: See Table 2.
Model 1 (OR, 95% CI), Non-adjusted; Model 2 (OR, 95% CI), adjusted for age; Model 3 (OR, 95% CI), Model 2 further adjusted for 
BMI and WC; Model 4 (OR, 95% CI), Model 3 further adjusted for TC, TGs, HDL-C, and FBG.

men and women are shown in Tables 2 and 3. In men, 

SBP and DBP were 119.13±14.32 mmHg and 77.39± 

10.28 mmHg for the normal group, 119.86±13.43 

mmHg and 71.26±9.94 mmHg for the decreased eGFR 

group, 131.23±19.09 mmHg and 80.96±14.18 mmHg 

for the elevated ACR group, and 130.18±19.11 mmHg 

and 74.66±12.35 mmHg for the decreased eGFR plus 

elevated ACR group, respectively (Table 2). In women, 

SBP and DBP were 114.82±16.62 mmHg and 72.94± 

9.51 mmHg for the normal group, 125.17±17.66 mmHg 

and 70.93±11.76 mmHg for the decreased eGFR group, 

127.73±20.13 mmHg and 76.75±10.86 mmHg for the 

elevated ACR group, and 133.09±22.92 mmHg and 

74.70±15.48 mmHg for the decreased eGFR plus 

elevated ACR group, respectively (Table 3).

3. Correlation analysis for SBP and DBP in men and 

women

Correlation analysis results for SBP and DBP in men 

and women are shown in Table 4. In men, the variables 

that positively correlated with SBP were age, BMI, WC, 

TC, TGs, FBG, BUN ACR, and urine microalbumin, and 

variables that inversely correlated with SBP were eGFR 

and urine creatinine (UCr). Variables that positively 
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correlated with DBP were age, BMI, WC, TC, TGs, and 

FBG, and those that inversely correlated with DBP were 

BUN, SCr, and eGFR. In women, variables that 

positively correlated with both SBP and DBP were age, 

BMI, WC, TC, TGs, FBG, BUN, SCr, ACR, and urine 

microalbumin, and those that inversely correlated with 

both SBP and DBP were HDL-C, eGFR, and UCr.

4. Comparison of HTN odds ratios according to the 

decreased eGFR, elevated ACR, and decreased 

GFR plus elevated ACR in men and women

The comparisons of HTN odds ratios (ORs) according 

to the normal, decreased eGFR, elevated ACR, and 

decreased eGFR plus elevated ACR in men and women 

are shown in Table 5. In men, after adjusting for related 

variables (age, BMI, WC, TC, TGs, HDL-C, and FBG), the 

ORs of HTN were significantly higher in the decreased 

eGFR group (1.98, 95% CI, 1.21∼3.24), elevated ACR 

group (2.03, 95% CI, 1.54∼2.69), and decreased eGFR 

plus elevated ACR group (6.03, 95% CI, 2.82∼12.92) 

than in the normal group. In women, after adjusting for 

related variables, the ORs of HTN were significantly 

higher in the decreased eGFR group (2.29, 95% CI, 

1.27∼4.13), elevated ACR group (2.22, 95% CI, 1.68∼

2.94), and decreased eGFR plus elevated ACR group 

(10.77, 95% CI, 3.89∼29.82) than in the normal group 

(Table 5).

DISCUSSION

The present study investigated the association 

between hypertension, eGFR, and ACR in Korean adults 

using data from the sixth KNHANES conducted in 2013

∼2014. HTN was associated with decreased eGFR and 

elevated ACR in Korean men and women. In addition, 

the prevalence of HTN increased greatly when decreased 

eGFR and elevated ACR occurred simultaneously.

The prevalence of CKD worldwide varies by age, 

gender, country, and ethnicity [16]. In the International 

Collaborative Study of Cardiovascular Disease in Asia 

(InterASIA), the prevalence of CKD in Chinese women 

(3.8%) was higher than that in Chinese men (1.3%) [17]. 

Shankar et al. reported that the prevalence of CKD in 

Singaporean women (6.2%) was lower than that in 

Singaporean men (7.1%) [18]. In the present study, the 

prevalence of CKD in women (2.4%) was lower than that 

in men (3.6%). 

Cardiovascular risk such as hypertension progressively 

increases as renal function declines [19] and renal 

function decline is associated with albuminuria [20]. In 

the relationship between CKD, albuminuria, and HTN, 

the renin-angiotensin-aldosterone system (RAAS) may 

be a mediator. Angiotensin II has a vasoconstrictor 

effect on the post glomerular arterioles, and can 

contribute to the onset and progression of chronic renal 

damage [21]. The damaged renal function can lead to 

poor blood pressure control due to renin–angiotensin 

activation [22]. Patients with HTN experience remodeling 

of blood vessels due to RAAS, inflammation, and 

endothelial dysfunction [23]. Structural and functional 

remodeling of the blood vessel affects glomerular 

basement membranes and leads to glomerular barrier 

permeability, which may result in albuminuria [24, 25]. 

Most studies have reported that angiotensin-converting 

enzyme inhibitors and angiotensin II receptor blockers, 

which are effective in the treatment of hypertension, 

reduce the risk of ESRD in patients with albuminuria or 

CKD [26-29].

In the present study, the ORs for HTN, with the 

normal group as a reference, were significantly higher 

in the decreased eGFR group (men, 1.98, 95% CI, 1.21∼

3.24; women, 2.29, 95% CI, 1.27∼4.13) and elevated 

ACR group (men, 2.03, 95% CI, 1.54∼2.69; women, 

2.22, 95% CI, 1.68∼2.94). In addition, the ORs for HTN 

were markedly higher when eGFR decreased and ACR 

increased simultaneously (men, 6.03, 95% CI, 2.82∼

12.92; women, 10.77, 95% CI, 3.89∼29.82). The early 

stages of CKD can cause HTN and potentiate the risk for 

CVD [30]. The risk of developing congestive heart 

failure and atrial fibrillation is increased two fold in 

patients with CKD (eGFR ＜60 mL/min/1.73 m2) [31, 

32]. An increase of ACR is an important biomarker for 
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cardiovascular events and renal events and mortality 

[33]. In the Framingham Offspring Study performed 

with participants free of HTN and diabetes mellitus, 

individuals with ACR greater than the sex-specific 

median (7.5 g/mg for women, 3.9 g/mg for men) had a 

nearly three-fold risk of developing CVD (hazard ratio 

[HR], 2.92; 95% CI, 1.57∼5.44; P＜0.001) compared to 

those with ACR below the median [34]. In the Heart 

Outcomes Prevention Evaluation (HOPE) study, 

microalbuminuria was significantly related to major 

cardiovascular events (relative risk [RR], 1.83; 95% CI, 

1.64∼2.05), congestive heart failure (RR, 3.23; 95% CI, 

2.54∼4.10), and all-cause death (RR, 2.09; 95% CI, 1.84∼ 

2.38) [35]. In the Microalbuminuria: A Genoa Investigation 

on Complications (MAGIC) study, microalbuminuria in 

patients with HTN and without CKD (eGFR ≥60 

mL/min/1.73 m2) was significantly related to chronic 

renal insufficiency (RR, 12.75; 95% CI, 3.62∼44.92) and 

cardiorenal events (RR, 2.58; 95% CI, 1.32∼5.05) [36].

In patients with CKD, the monitoring of ACR is 

important. If CKD and albuminuria appear simulta-

neously, they can accelerate poor blood pressure and 

markedly reduce renal function [13, 14, 36]. In a 

collaborative meta-analysis of high-risk population 

cohorts, van der Velde et al. reported that if CKD and 

albuminuria appeared simultaneously, the HRs of 

all-cause (min, 1.96 times; max, 5.43 times) and 

cardiovascular mortality (min, 2.56 times; max, 7.21 

times) are elevated [37]. In addition, Levey et al. 

suggested that if CKD and albuminuria appeared 

simultaneously, the ORs of all-cause mortality (min, 2.2 

times; max, 6.6 times), cardiovascular mortality (min, 

2.8 times; max, 8.1 times), ESRD (min, 40 times; max, 

2,286 times), and acute kidney injury (min, 6.4 times; 

max, 29 times) are elevated [14]. They argued that these 

results may be due to the synergistic effects of 

albuminuria and CKD. In the present study, the 

synergistic effects of albuminuria and CKD markedly 

increased the OR of HTN. Therefore, clinicians should 

assess both ACR and eGFR to evaluate the cardio-

vascular risks in the treatment of patients with HTN. 

The limitation of the present study was that it is unclear 

whether HTN was responsible for the decreased renal 

function because our study was cross-sectional. 

Although the present study had limitations, this is the 

study to report on the synergistic effects of albuminuria 

and CKD for HTN in Korean men and women. 

Therefore, more accurate results might be obtained by 

performing a cohort study. 

In conclusions, the present study investigated the 

association between hypertension and eGFR and ACR 

in Korean adults using data from the sixth KNHANES 

conducted in 2013∼2014. Hypertension was associated 

with decreased eGFR and elevated ACR in Korean men 

and women. The prevalence of hypertension increased 

greatly when decreased eGFR and elevated ACR 

occurred simultaneously.

요  약

본 연구는 한국 성인에서 고혈압(HTN), 추정사구체여과율

(eGFR) 및 소변미세알부민/크레아티닌 비율(ACR)과의 연관성을 

평가하기 위한 연구이다. 제 6차 국민건강영양조사(2013~2014)

에서 20세 이상 8,922명(남자 3,941명, 여자 4,981명)을 대상으로 

관련변수를 보정한 후, 신기능저하(eGFR ＜60 mL/min/1.73 m2) 

및 알부민뇨(ACR ≥30 mg/g)에 따른 고혈압의 위험률을 분석하

였다. 

남자의 경우 HTN [수축기 혈압(SBP) ≥140 mmHg, 이완기 혈

압(DBP) ≥90 mmHg 또는 HTN 약물 사용]의 위험비(ORs)가 정

상 그룹(eGFR ≥60 mL/min /1.73 m2 및 ACR ＜30 mg/g)에 비

하여 저하된 eGFR 그룹(eGFR ＜60 mL/min/1.73 m2, 1.98; 

95% CI, 1.21∼3.24), ACR 상승 그룹(ACR ≥30 mg/g, 2.03; 

95% CI, 1.54∼2.69), eGFR이 감소하고 ACR이 증가된 그룹

(eGFR ＜60 mL/min/1.73 m2 및 ACR ≥30 mg/g, 6.03; 95% 

CI, 2.82∼12.92)에서 유의하게 높았다. 여자에서 HTN의 위험률

은 정상 그룹보다 eGFR 저하 그룹(2.29, 95% CI, 1.27∼4.13), 

ACR 상승 그룹(2.22, 95% CI, 1.68∼2.94)과 eGFR이 저하되고 

ACR이 증가된 그룹(10.77, 95% CI, 3.89∼29.82)에서 유의하게 

높았다. 

결과적으로 HTN은 한국 성인에서 eGFR 저하, ACR 상승과 관

련이 있으며, eGFR 저하와 ACR 상승이 동시에 발생했을 때 HTN

의 유병률이 크게 증가했다. 
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