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Abstract

Background: Albuminuria is associated with cardiovascular disease, and the relationship between albuminuria and
hypertension is well established in many studies. So the control of hypertension is critical for decreasing cardiovascular
events and albuminuria. Obesity and abdominal obesity are also associated with hypertension and albuminuria. Therefore,
we analyzed the relationship between albuminuria and the prevalence and control of hypertension in the general Korean
population according to obesity status.

Methods: We analyzed data from the 2011–2012 Korea National Health and Nutrition Examination Survey, and 9,519
subjects were included. Subjects were divided into four groups: non-obese/normal waist circumference, non-obese/high
waist circumference, obese/normal waist circumference, and obese/high waist circumference.

Results: Systolic blood pressure and diastolic blood pressure were positively associated with albumin–creatinine ratio in all
groups (all p values ,0.005). Non-obese/normal waist circumference group were more likely to have hypertension (odds
ratios [95% confidential intervals (CIs)] were 3.20 [2.21–4.63] in microalbuminuria level and 3.09 [1.05–9.14] in
macroalbuminuria level), and less likely to have controlled hypertension (odds ratios ,1 for both albuminuria levels)
after adjusting for all covariates. Obese/normal waist circumference group were also more likely to have hypertension (odds
ratio [95% CI] were 3.10 [1.56–6.15] in microalbuminuria level and 21.75 [3.66–129.04] in macroalbuminuria level), and less
likely to have controlled hypertension in macroalbuminuria level (odds ratio [95% CI], 0.04 [0.01–0.15]).

Conclusions: Non-obese and normal waist circumference subjects have an increased prevalence and decreased control of
hypertension in microalbuminuria and macroalbuminuria levels. Screening for albuminuria may provide helpful information
about hypertension and blood pressure control, particularly in the non-obese and normal waist circumference subjects.
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Introduction

The prevalence of cardiovascular disease (CVD) is gradually

increasing in many countries, and the treatment and management

of CVD represent a significant cost burden to society. Therefore,

many countries are working to reduce the impact of cardiovascular

risk factors such as hypertension (HTN), diabetes mellitus (DM),

dyslipidemia, and obesity [1–3]. Albuminuria, which is associated

with diabetic nephropathy, is a risk factor for CVD [4–6]. It is

conventionally diagnosed when the urine albumin–creatinine ratio

(ACR) is $30 mg/g [7,8]. Epidemiologic studies have shown that

excess urinary albumin excretion is related to the increased risk of

CVD and associated with increased cardiovascular and all-cause

mortality [6,9–13].

Among the aforementioned cardiovascular risk factors, HTN

has shown a positive correlation with albuminuria in many studies

[14–19]. This relationship has been generally explained by

vascular impairment such as endothelial dysfunction [20] and

direct transmission of elevated pressure to the glomerulus in the

kidney [21,22]. Therefore, uncontrolled HTN, defined as blood

pressure $140/90 mmHg, may increase the prevalence of CVD

and progression of renal disease [23,24]. However, controlled

HTN is associated with low CVD death rate and decreased

prevalence of complications such as myocardial infarction, stroke,

and microalbuminuria [25,26]. Studies conducted in Korea also
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have investigated the relationship between albuminuria and HTN,

but only included community-based samples targeting type 2 DM

subjects or the general population [27–30]. In addition to the

association with HTN, microalbuminuria is also associated with

obesity and abdominal obesity, which are generally associated with

HTN [31–36]. Therefore, we analyzed the relationship between

the prevalence and control of HTN and albuminuria in the

general South Korean population according to the obesity status

(including obesity and abdominal obesity).

Materials and Methods

Survey overview
We analyzed data from the 2011–2012 Korean National Health

and Nutrition Examination Survey (KNHANES). The Division of

Chronic Disease Surveillance at the Korean Center for Disease

Control and Prevention (KCDC) initiated the KNHANES in 1998

as a nationwide survey. The KNHANES is designed to evaluate

the national health and nutrition level, and consists of a physical

exam, health interview, and nutritional evaluation [37]. To obtain

a representative sample of non-institutionalized civilians of both

sexes from all geographic regions of South Korea, the subjects of

this study were prorated by age from the 2005 census registry,

stratified in multiple stages, and selected using a cluster sampling

design.

Subjects
A total of 12,859 participants were aged $19 years in the

KNHANES. We excluded subjects with liver cirrhosis, chronic

hepatitis B or C, pulmonary and extrapulmonary tuberculosis, and

cancer, as well as those who were pregnant. Subjects who did not

answer questions about medical history and those who had not

fasted for .8 h before blood sample collection were also excluded.

Finally, 9,519 subjects were included in this study. All participants

provided written informed consent, and the study protocol was

approved by the institutional review board of the KCDC.

Lifestyle and sociodemographic variables
Smoking status, alcohol consumption, and physical activity were

assessed via a self-reported questionnaire. Current smokers were

defined as those who currently smoked and had smoked $100

cigarettes in their lifetime. For alcohol consumption, subjects who

drank $30 g/day were classified as heavy drinkers. Physical

activity was defined using the International Physical Activity

Questionnaire (IPAQ) [38]. The regular exercise group included

subjects who exercised moderately more than five times a week for

.30 min per session or those who exercised intensively more than

three times a week for .20 min per session. Household income

was adjusted for the number of family members, and we divided

the household income into quartiles. We defined ‘low income’ as

the lowest quartile of income, and ‘low education’ as a duration of

education of #9 yrs.

Anthropometric and laboratory measurements
Skilled staff members performed physical examinations accord-

ing to standard procedures. Subjects wore light clothing without

shoes during weight and height measurements, which were

measured to the nearest 0.1 kg and 0.1 cm, respectively. Waist

circumference (WC) was measured at the narrowest point between

the lower rib margin and iliac crest during exhalation. Systolic

blood pressure (SBP) and diastolic blood pressure (DBP) were

measured three times at 5 min intervals using a standard mercury

sphygmomanometer (Baumanometer, WA Baum Co. Inc.,

Copiague, NY, USA), and the mean value of the second and

third measurements was recorded as the final BP measurement.

After at least 8 h of fasting, blood and random mid-stream urine

samples were obtained in the morning. After appropriate transport

to the storage units at the Central Testing Institute, the samples

were analyzed within 24 h for fasting blood glucose (FBG), high-

density lipoprotein cholesterol (HDL-C), low-density lipoprotein

cholesterol (LDL-C), total cholesterol (TC), and triglyceride (TG)

levels, as well as white blood cell count (WBC), using a Hitachi

automatic analyzer 7600 (Tokyo, Japan). The glycated hemoglo-

bin (HbA1c) level was also measured by high-performance liquid

chromatography (Tosoh HLC-723G7, Tokyo, Japan). Urine and

serum creatinine levels and the urine albumin level were

determined by kinetic colorimetry and turbidimetric assays using

the Hitachi Automatic Analyzer 7600. We calculated the

estimated glomerular filtration rate (eGFR) using the Chronic

Kidney Disease Epidemiology Collaboration (CKD-EPI) equa-

tion: eGFR (mL/[min?1.73 m2]) = 1416min (serum creatinine/

k, 1)a6max (serum creatinine/k, 1)21.209 60.993Age 61.018 [if

female] 61.159 [if African American], where k is 0.7 for women

and 0.9 for men, a is 20.411 for men and 20.329 for women, min

indicates the minimum level of serum creatinine/k or 1, and max

indicates the maximum level of serum creatinine/k or 1 [39].

Definition of obesity and abdominal obesity groups
We calculated body mass index (BMI) as weight (kg) divided by

the square of the height (m). Based on these results, we defined

obesity as a BMI of $25 kg/m2 [40,41]. The cut-off values for

abdominal obesity were defined as a WC $90 cm for men and $

80 cm for women [42]. We divided subjects into the following four

groups: non-obese/normal WC group; non-obese/high WC

group; obese/normal WC group; and obese/high WC group.

Definition of HTN and controlled HTN groups
HTN was defined as the use of antihypertensive medications or

being diagnosed by a doctor or having BP of $140/90 mmHg.

The ‘HTN group’ was defined as those who had HTN, whereas

the ‘non-HTN group’ as those who did not have HTN. The ‘HTN

group’ was divided into the ‘controlled HTN group’ and

‘uncontrolled HTN group’. The ‘controlled HTN group’ included

hypertensive subjects whose BP was ,140/90 mmHg, whereas

the ‘uncontrolled HTN group’ included hypertensive subjects

whose BP was $140/90 mmHg [43].

Definition of albuminuria
Normoalbuminuria was defined as a urine ACR ,30 mg/g.

Microalbuminuria was defined as 30# urine ACR ,300 mg/g,

and macroalbuminuria was defined as urine ACR $300 mg/g

[7,8].

Statistical Analysis
Data are presented as either means 6 standard errors (SEs) for

continuous variables or as percentage (SE) for categorical

variables. To analyze the baseline characteristics of the study

participants, we divided our study subjects according to the

presence of HTN and control of HTN, to compare the mean

values of cardiometabolic risk factors; the chi-squared test was

used for categorical variables and t-test was used for continuous

variables. To compare the prevalence and control of HTN with

the ACR tertile in obese and non-obese subjects, we used the chi-

squared test. To identify the associations of SBP and DBP with

ACR, we performed multiple regression analysis. Multiple logistic

regression analyses were applied to examine the odds ratios (ORs)
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and 95% confidence intervals (CIs) of the prevalence and control

of HTN according to the ACR among the subjects. Because the

KNHANES included weights, statistical analysis was performed

using the SAS (version 9.2; SAS Institute Inc., Cary, NC, USA)

survey procedure to account for the complex sampling design and

to provide approximations of the whole Korean population. We

used logarithmic transformation for the variables with skewed

distributions. All statistical tests were two-tailed and a p value of ,

0.05 was considered statistically significant.

Results

In non-obese subjects, the HTN group was older and had a

higher proportion of male subjects. The BMI, WC, ACR, SBP,

DBP, WBC, FBG, HbA1c, TG, LDL-C, and TC levels were

higher in the HTN group than the non-HTN group (all p values ,

0.01). However, the HDL-C level and eGFR were lower in the

HTN group than in the non-HTN group (both p values ,0.001).

The HTN group had a higher proportion of individuals with

heavy alcohol intake, lower income, and lower education, as well

as higher prevalence of DM, as compared to the non-HTN group

(all p values ,0.001). Total energy intake and percentage of fat

and protein intake were lower, but carbohydrate intake was higher

in the HTN group than in the non-HTN group (all p values ,

0.001). Among obese subjects, the HTN group was older than

non-HTN group. The BMI, WC, ACR, SBP, DBP, WBC, FBG,

HbA1c, and TG levels were higher in the HTN group than the

non-HTN group (all p values ,0.05). However, eGFR, HDL-C,

LDL-C, and TC levels were higher in the HTN group than in the

non-HTN group (p value ,0.001). The HTN group had a higher

proportion of individuals with heavy alcohol intake, lower income,

and lower education, as well as a higher prevalence of DM, as

Table 1. General characteristics of subjects with and without obesity and HTN.

Variable Non-obese subjects p value* Obese subjects p value*

non-HTN HTN non-HTN HTN

Unweighted n 4627 1736 1680 1461

Sex (male, %) 48.2(0.9) 53.4(1.5) 0.002 56.9(1.5) 57.8(1.6) 0.671

Age (yrs, mean 6 SE) 40.860.3 58.960.5 ,0.001 42.060.4 54.160.6 ,0.001

BMI (kg/m2, mean 6 SE) 21.760.0 22.560.1 ,0.001 27.560.1 27.960.1 0.004

WC (cm, mean 6 SE) 75.760.1 80.160.2 ,0.001 90.260.3 92.460.3 ,0.001

SBP (mmHg, mean 6 SE) 110.460.2 135.460.6 ,0.001 114.760.3 133.760.5 ,0.001

DBP (mmHg, mean 6 SE) 72.460.2 83.160.4 ,0.001 76.060.3 85.260.4 ,0.001

FBG (mg/dL, mean 6 SE) 92.360.3 102.660.8 ,0.001 98.560.7 105.560.7 ,0.001

HbA1c (%, mean 6 SE) 5.560.0 5.960.0 ,0.001 5.760.0 6.060.0 ,0.001

TG (mg/dL, mean 6 SE)** 91.261.8 126.864.9 ,0.001 135.565.0 153.765.9 ,0.001

HDL-C (mg/dL, mean 6 SE) 54.960.3 51.760.4 ,0.001 48.160.3 47.960.4 ,0.001

LDL-C (mg/dL, mean 6 SE) 107.460.6 110.961.2 0.008 119.261.0 114.561.2 ,0.001

TC (mg/dL, mean 6 SE) 183.560.7 191.661.3 ,0.001 198.061.2 196.661.3 ,0.001

WBC (6103/mL, mean 6 SE)** 5.660.1 6.060.1 ,0.001 6.260.1 6.360.1 0.033

eGFR (ml/min/1.73 m2, mean 6 SE) 97.860.4 87.860.5 ,0.001 95.460.5 88.060.7 ,0.001

ACR (mg/g Cr, mean 6 SE) ** 3.860.1 8.460.7 ,0.001 4.560.3 8.560.8 ,0.001

Heavy alcohol intake (yes,%) 16.1(0.7) 22.6(1.5) ,0.001 20.9(1.4) 27.9(1.5) ,0.001

Current smoking (yes,%) 23.7(0.9) 22.7(1.4) 0.277 28.2(1.4) 24.7(1.6) 0.544

Regular exercise (yes,%) 18.4(0.8) 17.5(1.3) 0.101 22.3(1.3) 15.7(1.2) 0.563

Income (lowest quartile,%) 11.1(0.7) 27.2(1.4) ,0.001 10.3(1.0) 22.2(1.3) ,0.001

Education (#9 yrs,%) 18.7(0.8) 56.7(1.6) ,0.001 22.6(1.3) 46.3(1.8) ,0.001

DM (yes, %) 3.7(0.3) 17.5(1.2) ,0.001 7.5(0.8) 18.6(1.3) ,0.001

HTN medication (yes, %) . 52.7(1.6) . . 56.5(1.9) .

Controlled HTN (yes, %){ 39.7(1.6) 39.5(1.8)

Total energy intake (kcal, mean 6 SE) 2098.3621.5 1943.3630.9 ,0.001 2160.5635.8 2104.2643.2 0.302

Protein (%, mean 6 SE) 20.160.2 15.260.3 ,0.001 20.360.3 16.760.4 ,0.001

Fat (%, mean 6 SE) 15.060.1 14.260.2 ,0.001 15.460.2 14.460.2 ,0.001

Carbohydrate (%, mean 6 SE) 64.960.3 70.560.4 ,0.001 64.360.4 68.960.5 ,0.001

Data are presented as mean 6 standard error (SE) or percentages (SE).
*p values were obtained by the chi-Square test and t-test.
**Log transformation and data are presented as geometric mean 6 standard error (SE).
{Controlled HTN means subjects who have BP ,140/90 mmHg.
HTN, hypertension; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TG,
triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TC, total cholesterol; WBC, white blood cell; eGFR, estimated
glomerular filtration rate; ACR, albumin creatinine ratio; DM, diabetes mellitus.
doi:10.1371/journal.pone.0111179.t001

Obesity Associated Hypertension and Albuminuria in South Korean

PLOS ONE | www.plosone.org 3 October 2014 | Volume 9 | Issue 10 | e111179



compared to the non-HTN group (all p values ,0.001). The

percentage of fat and protein intake were lower, but the

carbohydrate intake was higher in the HTN group than in the

non-HTN group (all p values ,0.001) (Table 1).

We compared the prevalence of HTN with the ACR tertiles in

subjects with and without obesity and abdominal obesity

(Figure 1). In all groups, the prevalence of HTN increased as

ACR increased (all p values for trends were ,0.001). There were

differences in the prevalence of HTN between two groups among

the four obese and non-obese groups when ACR was analyzed:

ACR ,30 vs. 30# ACR ,300, and ACR ,30 vs. ACR $300. In

Figure 2, we compared the control rate of HTN according to the

ACR tertile. In the non-obese/high WC group only, the rate of

HTN control decreased significantly as the ACR increased (p

value for trend ,0.001). The control of HTN was significantly

different between two groups: ACR ,30 vs. 30# ACR ,300, and

ACR ,30 vs. ACR $300 in non-obese/normal WC group (both

p values ,0.05). The p values and p values for trends were not

statistically significant in the other three groups.

Figure 1. Prevalence of HTN in subjects with and without obesity and abdominal obesity by tertile of ACR. All p values for trends were
,0.001. All p values were ,0.001 between two groups; ACR ,30 vs. 30# ACR ,300, and ACR ,30 vs. ACR $300 at all groups. HTN, hypertension;
ACR, albumin–creatinine ratio; WC, waist circumference.
doi:10.1371/journal.pone.0111179.g001

Figure 2. HTN control in subjects with and without obesity and abdominal obesity by tertile of ACR. P value for trend was ,0.001 for
the non-obese/high WC group only. P values were ,0.05 between two groups; ACR ,30 vs. 30# ACR ,300, and ACR ,30 vs. ACR $300 for the non-
obese/normal WC group only. The p values and p values for trends were not statistically significant in the other three groups. HTN, hypertension;
ACR, albumin–creatinine ratio; WC, waist circumference.
doi:10.1371/journal.pone.0111179.g002
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We analyzed the relationship between BP and ACR among the

entire study population and hypertensive subjects according to the

obesity status (Table 2). In general subjects, SBP and DBP were

positively correlated with ACR in all groups (all p values ,0.005).

In hypertensive subjects, SBP was also positively correlated with

ACR in all groups (all p values ,0.01), but DBP was only

positively correlated with ACR in non-obese/high WC group and

obese/high WC group (p value = 0.004 and 0.029, respectively).

The ORs for the prevalence and control of HTN with respect to

the ACR are given in Table 3. The ORs of the reference groups

(ACR ,30 mg/g) were expressed as 1.00. In the non-obese/

normal WC group, the ORs [95% CIs] for the prevalence of HTN

were 3.20 [2.21–4.63] in microalbuminuria level and 3.09 [1.05–

9.14] in macroalbuminuria level after adjusting for age, sex, body

mass index, alcohol intake, smoking, exercise, income, education,

and DM status. The ORs for the controlled HTN were lower than

1 in subjects with microalbuminuria and macroalbuminuria after

adjusting for age, sex, body mass index, alcohol intake, smoking,

exercise, income, education, DM status, and HTN medication

(OR [95% CI]: 0.48 [0.26–0.89] and 0.25 [0.09–0.73], respec-

tively). The obese/normal WC group were also likely to have

HTN (OR [95% CI]: 3.10 [1.56–6.15] in microalbuminuria level

and 21.75 [3.66–129.04] in macroalbuminuria level), but less likely

to have HTN control in macroalbuminuria level (OR [95% CI]:

0.04 [0.01–0.15]).

Discussion

In this study, the non-obese and normal WC group showed an

increased prevalence and decreased control of HTN in both

microalbuminuria and macroalbuminuria levels. The OR for the

prevalence of HTN was lower in obese and high WC group than

in non-obese and normal WC group by microalbuminuria level.

However, the obese and high WC group did not show a consistent

relationship between HTN control and ACR.

In general, microalbuminuria is an effective biological marker

for subjects with frequent cardiovascular events [44], and

numerous studies have shown that microalbuminuria is associated

with CVD and HTN [17,19,45–48]. Studies conducted in Korea

also noted that microalbuminuria is positively correlated with BP,

although these studies had limited applicability to the general

population, as they only included subjects with type 2 DM or

general subjects in a restricted population [27–29]. Endothelial

dysfunction is one of the hypothetical mechanisms underlying the

relationship between microalbuminuria and HTN [20]. Function-

al and structural remodeling of the arterial wall, which causes

arterial stiffness, affects glomerular basement membranes and

alters glomerular barrier permeability, which may result in

albuminuria [46,49]. Glomerular damage via the direct transmis-

sion of pulsatile stress to the glomeruli and an advanced arterial

atherosclerotic process is another potential mechanism [22,50,51].

Therefore, it is possible to link the relationship between

uncontrolled HTN and albuminuria. Poor control of HTN is

particularly associated with elevated SBP, which is a more harmful

risk factor than DBP for the heart, brain, and kidney [52–55]. This

study also showed a positive correlation between ACR and BP.

Numerous studies have shown a relationship between ACR and

obesity or abdominal obesity in diabetic, non-diabetic, or

hypertensive subjects. However, some controversies exist regard-

ing the relationship between ACR and obesity status [31–36,56].

The Diabetes Control and Complications Trial [35] and the Look

Action for Health in Diabetes study [36] showed a positive

relationship between obesity status and ACR in Caucasian

subjects with and without DM [34,57,58]. Such positive correla-

tions were also found in South Asians [59] and South Koreans

[33]. However, some studies found no relationship between

obesity status and ACR [56,60–62]. In this study, non-obese and

normal WC subjects with albuminuria had more odds of having

HTN and uncontrolled HTN than obese and high WC subjects.

This result suggests that non-obese subjects and normal WC

subjects may be more susceptible to the development of

albuminuria due to high BP than obese and high WC subjects.

This finding indicates that other mechanisms likely affect the

relationship between ACR and HTN according to obesity status.

Hypothetical mechanisms that support the positive correlation

between ACR and obesity include decreased adiponectin levels

[63], elevated insulin resistance [64], and structural alterations

with glomerular dysfunction such as hyperperfusion and hyperfil-

tration [65]. But some structural or hormonal mechanisms might

protect the kidney against the direct harmful effects of high BP and

high glucose levels, as observed in the obesity paradox of CVD

and end-stage renal disease [66–68]. One possible mechanism is

that obese patients might have better tolerance to BP fluctuations

than non-obese patients, as many obese subjects have higher SBP

levels [69]. Other hypothetical mechanisms include the protective

role of increased soluble tumor necrosis factor alpha (TNF-a)

receptors through the neutralization of the harmful effects of TNF-

a [70] and sequestration of uremic toxins by abundant adipose

tissues [71]. Further studies are needed to evaluate the influence of

obesity on albuminuria development in patients with HTN.

This study has some limitations. First, this was a cross-sectional

study, and therefore, we could not show causal relationships.

Second, only one morning urine sample was collected for

evaluating albuminuria. In general, a morning urine sample after

fasting is more concentrated than other urine samples collected at

other time points; therefore, a false-positive result for albuminuria

might have occurred. The mean values of ACRs measured from

several urine samples would provide more precise results. Third,

the definition of albuminuria is complicated by three factors:

variable sampling techniques (including consequent accuracy of

sampling errors), different albumin collection techniques, and

diversity in albumin quantity ranges. Thus, some experimental

errors could have been introduced by urine albumin analysis [39].

Fourth, we did not evaluate inflammatory markers such as C-

reactive protein, TNF-a, and other cytokines such as leptin and

adiponectin, which are involved in the mechanism of albuminuria.

Nevertheless, this study has strengths. It is the first large

epidemiologic survey designed to determine the association

between the prevalence and control of HTN and ACR in the

overall South Korean population according to obesity status. Like

other studies, the prevalence and control of HTN were associated

with albuminuria; however, there were some unexpected results in

non-obese and non-abdominal obese subjects, which require

further evaluation.

In conclusion, we found that non-obese and normal WC group

were more likely to have HTN, but less likely to have HTN control

in both microalbuminuria and macroalbuminuria levels. It is

therefore important to monitor BP in individuals with albuminuria

even if they are not obese and have a normal WC. Further studies

are needed to evaluate the mechanisms and relationship between

ACR and HTN in subjects according to obesity status.
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