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Background: This study examined the differences in factors associated with albuminuria according to gender and 
comorbidities of hypertension (HTN) and diabetes mellitus (DM).
Methods: We included 3,859 participants aged 20 to 79 years (55% female) from the 5th Korea National Health and 
Nutrition Examination Survey. Participants were excluded if they took antihypertensive or anti-diabetic medica-
tion, had chronic renal failure, had malignant tumor, were pregnant or menstruating during the health examina-
tion, or had missing urine albumin data. Albuminuria was defined by the participant’s urine albumin-creatinine 
ratio (uACR). Relationships between dependent and independent variables were analyzed using the Pearson’s cor-
relation test and simple linear regression. Due to possible muticollinearity, multiple linear regression analysis was 
used to determine whether the association between the dependent and independent variables of interest remained 
significant after adjustment for other potentially confounding independent variables.
Results: The variables significantly correlated with uACR were different between the genders and between subjects 
with HTN or DM as a comorbidity. In the multiple linear regression models, hemoglobin A1c (P=0.01) was posi-
tively associated with uACR in men without HTN and DM. In men with HTN or DM, systolic blood pressure and 
fasting glucose (P<0.01) were positively associated with uACR. In women with HTN or DM, waist circumference 
(P=0.011) and gamma-glutamyl transpeptidase (P<0.001) were positively correlated with uACR (P<0.05) and glu-
cose level (P=0.019) was negatively correlated with uACR.
Conclusion: The study suggested factors correlated with albuminuria were different for men and women accord-
ing to comorbidities such as HTN and DM.
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INTRODUCTION

A high level of urinary albumin excretion has been known to 
be associated with increased risk of cardiovascular and renal 
diseases and eventually all-cause morbidity and mortality.1-4) 
The excretion of not only clinical levels of albuminuria, but also 
subclinical amounts of albuminuria, was found to be associat-
ed with higher risk of cardiovascular and renal disease.2) This 
risk was already apparent at levels of albuminuria currently 
considered to be normal in general population.2) The urine al-
bumin-creatinine ratio (uACR) (mg/g) is defined as a ratio of 
urine albumin (mg/dL) and urine creatinine (g/dL). It has been 
used to assess urine albumin excretion because it has been 
shown to be a good predictor of cardiovascular morbidity and 
all cause mortality.5) The excretion of subclinical amounts of 
albumin in the urine, known as microalbuminuria, is defined 
as a uACR with a cut-off point of ≥30 to <300 mg/g.5) Microal-
buminuria is considered to be a biomarker of endothelial dys-
function and one of the early markers of cardiovascular, cere-
bral, and renal diseases.5-7) Recent studies have reported the 
prevalence of microalbuminuria and associated risk factors in 
different ethnic populations.8-11) Previous studies of the preva-
lence of microalbuminuria and associated risk factors have 
shown some inconsistent results due to ethnic differences in 
participants, study design, adjusted confounding factors, and 
comorbidities of the study population. The threshold value of 
uACR was adopted from studies on the risk of development of 
diabetic nephropathy in diabetic patients,12,13) and the same 
threshold has been used in studies among both general and 
nondiabetic populations. Low levels of urinary albumin excre-
tion, below the current threshold for microalbuminuria, pre-
dicted the development of cardiovascular diseases in non-hy-
pertensive and nondiabetic individuals.14) Therefore, for stud-
ies on albuminuria and the associated risk factors, the differ-
ences between non-hypertensive, nondiabetic individuals and 
patients with clinically apparent hypertension (HTN) or diabe-
tes should be examined. It is believed that gender is a funda-
mental variable in research for not only autoimmune diseases, 
but also non-communicable diseases. Furthermore, gender 
difference is not only a confounding factor, but also a disease 
modifier in older adults. Therefore, data from men and women 
should be analyzed separately.15-21) Recently, researchers have 
been encouraged to study the differences between men and 
women not only in clinical research but also in animal and in 
vitro studies.22)

 The objective of this study was to investigate the differences 
in factors associated with albuminuria according to gender and 
the existence of HTN and type 2 diabetes mellitus (DM) in par-
ticipants who were not taking medications.

METHODS

1. Study Population
This study was based on data acquired in the 5th Korea Na-
tional Health and Nutrition Examination Survey conducted in 
2011 (KNHANES V-2). The KNHANES is a cross-sectional and 
nationally representative survey conducted by the Korea Cen-
ters for Disease Control and Prevention periodically since 1998 
to assess the health and nutritional status in a civilian, non-in-
stitutionalized Korean population. The 5th KNHANES was 
conducted from 2010 to 2012; urine albumin was measured in 
2011. Using a stratified, multistage probability sampling design, 
3,840 households were selected and 8,055 individuals com-
pleted the health interview and health examination surveys. In 
total, 6,308 adults aged 20–79 years were initially included. Sub-
jects who took antihypertensive or anti-diabetic medication, 
those who reported a history of chronic renal failure or any can-
cer, women who were pregnant or menstruating during the 
health examination, and those with missing urine albumin data 
were excluded. Finally, 3,859 participants (1,753 men and 2,106 
women) were included in the study population. This study was 
approved by the institutional review board of Hallym Universi-
ty Sacred Heart Hospital (IRB approval no. 2013-I075).

2. Measurements
The data were collected through standardized health examina-
tions performed in specially equipped mobile examination 
centers and via face-to-face interviews in households. The health 
survey administration sequence was as follows: intake, receipt 
of written informed consent, anthropometric measurement, 
blood sampling, and completion of the questionnaire. The stan-
dardized questionnaire collected information about age, socio-
economic characteristics, medical history and drug use, smok-
ing habits, and other lifestyle risk factors. The anthropometric 
data were collected according to the standardized guidelines.
 Height and weight were obtained using standardized tech-
niques and equipment. Height was measured to the nearest 0.1 
cm using a portable stadiometer (Seriter, Bismarck, ND, USA). 
Weight was measured to the nearest 0.1 kg using a Giant-150N 
calibrated balance-beam scale (Hana, Seoul, Korea). Body mass 
index (BMI) was calculated by dividing weight by the square of 
height (kg/m2). Waist circumference (WC) was measured to 
the nearest 0.1 cm during exhalation, using a measuring tape 
(SECA 200; SECA, Hamburg, Germany) at the horizontal plane 
midway between the inferior costal margin and the iliac crest, 
at the mid-axillary line. The weight to height ratio was calculat-
ed as the waist circumference in centimeters divided by the 
height in centimeters. The dual-energy X-ray absorptiometry 
scan was performed for each subject to measure the total body 
fat mass and total body fat percentage using fan-beam technol-
ogy (Lunar Co., Madison, WI, USA).
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 Systolic blood pressure (SBP) and diastolic blood pressure 
(DBP) was measured by standard methods using a sphygmo-
manometer (Baumanometer; Baum, Copiague, NY, USA) with 
the patient in the sitting position after a 5-minute rest period. 
Three measurements were obtained with a 30-second interval. 
The average of the second and third measurements was used 
in the analysis. Pulse pressure was calculated as the difference 
between SBP and DBP, and when the difference was more than 
40 mm Hg, it was defined as wide pulse pressure. HTN was de-
fined as having a systolic blood pressure of 140 mm Hg or high-
er, or a diastolic blood pressure of 90 mm Hg or higher. Blood 
samples were collected in the morning after fasting for at least 
8 hours and single-spot urine specimens were collected during 
the first morning void. Levels of fasting plasma glucose, hemo-
globin A1c (HbA1c) and serum total cholesterol, triglyceride 
(TG), low density lipoprotein cholesterol, and high density li-
poprotein cholesterol (HDLC) were analyzed using the Hitachi 
Automatic Analyzer 7600 (Hitachi, Tokyo, Japan). DM was de-
fined as having a fasting glucose of 126 mg/dL or higher, or a 
HbA1c of 6.5% or higher.
 Smoking was measured in pack years. Alcohol consumption 

was measured in g/wk. Regular exercise was defined as more 
than 150 minutes of moderate intensity activity or 60 minutes 
of vigorous intensity activity per week. Data describing medica-
tions and lifestyle were obtained from structured questionnaires.
 Urine albumin and creatinine concentrations in random 
urine samples were measured using a turbidimetric immuno-
assay and colorimetric method (Hitachi Automatic Analyzer 
7600). The ratio of urinary albumin to urinary creatinine was 
reported as the uACR in milligrams per gram of creatinine.
 Estimated glomerular filtration rate (eGFR) was estimated by 
the Modification of Diet in Renal Disease formula (eGFR [mL/
min/1.73 m2] =186 ×serum creatinine [mg/dL]-1.154 ×age-0.203 ×  
0.742 [if female]).

3. Statistical Analysis
Due to the complex sampling design of the KNHANES, the wei-
ghted mean and standard error (SE), or proportion (%) and SE 
of the general characteristics according to gender and HTN 
and DM status were calculated. The assumption of normality 
of the data was tested by the Shapiro-Wilk test, and a P-value 
greater than 0.05 indicated that the observed distribution of a 

Table 1. General characteristics of study subjects

Characteristic
HTN (-) and DM (-) (N = 3,213) HTN (+) or DM (+)* (N = 646)

Men (N = 1,363) Women (N = 1,850) P-value Men (N = 390) Women (N = 256) P-value

Age (y) 40.05±0.54 41.78±0.42 0.0021 44.28±0.71 53.85±1.01 < 0.0001
Waist circumference (cm) 82.89±0.37 76.19±0.29 < 0.0001 87.78±0.69 83.21±0.73 < 0.0001
Body mass index (kg/m2) 23.69±0.12 22.73±0.11 < 0.0001 25.23±0.22 24.97±0.28 0.4643
Body fat (%) 20.87±0.33 32.28±0.30 < 0.0001 22.67±0.44 33.40±  0.66 < 0.0001
SBP (mm Hg) 113.92±0.35 108.66±0.35 < 0.0001 133.57±0.93 140.01±1.62 0.0005
DBP (mm Hg) 75.68±0.28 71.23±0.24 < 0.0001 91.57±0.52 85.84±0.91 < 0.0001
Pulse pressure (mm Hg) 38.24±0.25 37.43±0.23 0.0138 42.01±0.69 54.17±1.29 < 0.0001
Serum creatinine (mg/dL) 0.97±0.00 0.71±0.00 < 0.0001 0.97±0.01 0.72±0.01 < 0.0001
eGFR (mL/min/1.73 m2) 94.49±0.56 99.86±0.62 < 0.0001 92.23±0.91 93.02±1.32 0.6174
uACR (mg/g Cr) 0.88±0.07 1.15±0.06 0.0004 1.66±0.12 1.86±0.18 0.3425
Glucose (mg/dL) 4.51±0.00 4.49±0.00 < 0.0001 4.65±0.01 4.64±0.01 0.6538
HbA1c (%) 5.48±0.01 5.45±0.01 0.0619 6.00±0.08 6.05±0.07 0.6818
TG (mg/dL) 4.75±0.02 4.46±0.02 < 0.0001 5.05±0.04 4.81±0.04 0.0001
HDLC (mg/dL) 3.90±0.01 4.03±0.01 < 0.0001 3.89±0.01 3.98±0.02 < 0.0001
AST (IU/L) 3.08±0.01 2.90±0.01 < 0.0001 3.25±0.03 3.10±0.03 < 0.0001
ALT (IU/L) 3.06±0.02 2.66±0.01 < 0.0001 3.34±0.04 2.98±0.04 < 0.0001
GGT (IU/L) 3.41±0.02 2.81±0.01 < 0.0001 3.93±0.04 3.19±0.05 < 0.0001
Vitamin D (ng/mL) 17.77±0.27 15.96±0.23 < 0.0001 18.46±0.37 17.06±0.51 0.0084
Medication for dyslipidemia 49 (2.88) 75 (3.16) 0.6349 19 (3.09) 25 (10.58) 0.0014
Current smoking 616 (63.08%) 123 (55.89) 0.0631 185 (61.77) 23 (65.59) 0.7210
Alcohol drinking (g/wk) 115.86±5.46 37.60±3.60 < 0.0001 196.02±12.46 25.32±3.86 < 0.0001
Regular exercise 135 (10.93) 154 (8.49) 0.0607 29 (7.14) 28 (10.69) 0.2367
Menopause (women only) - 595 (24.67) - - 163 (59.75) -

Values are presented as mean± standard error or number (%). P-values were calculated by Student t-test or chi-square test. uACR, glucose, TG, HDLC, AST, ALT, and GGT 
were log transformed because they were not normally distributed. The data describing medications and life style were obtained from structured questionnaires. The eGFR (mL/
min/1.73 m2) = 186 × serum creatinine (mg/dL)-1.154 × age-0.203 × 0.742 (if female).
HTN, hypertension; DM, type 2 diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; uACR, urine albumin-to-
creatinine ratio; HbA1c, hemoglobin A1c; TG, triglyceride; HDLC, high density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine transaminase; GGT, gamma-
glutamyl transpeptidase.
*HTN was defined as having a SBP of 140 mm Hg or higher, or a DBP of 90 mm Hg or higher. DM was defined as having a fasting glucose of 126 mg/dL or higher, or a HbA1c 
of 6.5% or higher.
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Table 2. Correlation analysis for uACR according to gender and diseases (HTN or DM)

Variable

HTN (-) and DM (-) HTN (+) or DM (+)*

Men Women Men Women

r P-value r P-value r P-value r P-value

Age -0.030 0.3437 -0.123 < 0.0001 0.037 0.4772 -0.066 0.3244
Waist circumference (cm) 0.050 0.0889 0.006 0.8442 0.110 0.0708 0.227 0.0039
Body mass index (kg/m2) 0.079 0.0064 0.024 0.3867 0.071 0.2422 0.154 0.0323
Body fat (%) 0.066 0.2211 -0.000 0.9763 0.122 0.2048 0.097 0.3318
SBP (mm Hg) 0.054 0.1125 0.022 0.5039 0.065 0.2761 0.243 0.0003
DBP (mm Hg) 0.056 0.1590 0.013 0.6768 0.086 0.1140 0.163 0.0375
Pulse pressure (mm Hg) 0.013 0.7028 0.019 0.5516 0.010 0.8591 0.178 0.0071
Serum creatinine (mg/dL) -0.094 0.0068 -0.111 < 0.0001 -0.083 0.2683 -0.089 0.1893
eGFR (mL/min/1.73 m2) 0.104 0.0014 0.151 < 0.0001 0.114 0.0580 0.097 0.1423
Glucose (mg/dL) 0.017 0.5449 0.025 0.4437 0.223 < 0.0001 0.110 0.1699
HbA1c (%) 0.074 0.0154 0.023 0.3948 0.178 < 0.0001 0.098 0.2469
TG (mg/dL) 0.052 0.1378 -0.033 0.2412 0.133 0.0413 -0.060 0.3923
HDLC (mg/dL) -0.039 0.3001 0.024 0.3780 -0.006 0.9363 -0.094 0.1540
AST (IU/L) 0.064 0.0902 -0.030 0.3134 0.178 0.0019 0.011 0.8793
ALT (IU/L) 0.057 0.1159 -0.011 0.7227 0.125 0.0507 0.052 0.5293
GGT (IU/L) 0.082 0.0102 0.033 0.2422 0.109 0.0488 0.049 0.4749
Vitamin D (ng/mL) 0.087 0.1387 0.135 0.0009 0.190 0.0367 0.129 0.1398
Medication for dyslipidemia (%) 0.052 0.0567 0.029 0.3089 0.037 0.4834 0.053 0.5184
Current smoking (%) 0.085 0.0509 0.018 0.8296 0.009 0.8847 0.259 0.1953
Alcohol drinking (g/wk) 0.037 0.2189 0.016 0.7130 0.017 0.7575 0.034 0.6299
Regular exercise (%) -0.015 0.6588 -0.030 0.2938 -0.014 0.7991 -0.061 0.3533
Menopause (%) (women only) -0.064 0.0232 -0.036 0.6540

uACR, glucose, TG, HDLC, AST, ALT, and GGT were log transformed because they were not normally distributed. The data describing medications and life style were obtained 
from structured questionnaires. The eGFR (mL/min/1.73 m2) = 186 × serum creatinine (mg/dL)-1.154 × age-0.203 × 0.742 (if female).
uACR, urine albumin-to-creatinine ratio; HTN, hypertension; DM, type 2 diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular 
filtration rate; HbA1c, hemoglobin A1c; TG, triglyceride; HDLC, high density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine transaminase; GGT, gamma-
glutamyl transpeptidase.
*HTN was defined as having a SBP of 140 mm Hg or higher, or a DBP of 90 mm Hg or higher. DM was defined as having a fasting glucose of 126 mg/dL or higher, or a HbA1c 
of 6.5% or higher.

variable was not statistically different from the normal distribu-
tion. The values of TG, HDLC, aspartate aminotransferase (AST), 
alanine transaminase (ALT), and gamma-glutamyl transpepti-
dase (GGT) were log transformed because they were not nor-
mally distributed. Continuous data were expressed as means 
and SE, and categorical data as frequencies and SE, as appro-
priate. To examine the gender specific relative contribution of 
age and body fat percentage, subgroup analyses of men and 
women were performed using a linear regression model. Rela-
tionships between dependent and independent variables were 
analyzed using the Pearson’s correlation test and simple linear 
regression. Next, multiple linear regression analysis was used 
to determine whether the association between the dependent 
and independent variables of interest remained significant af-
ter adjusting for other potentially confounding independent 
variables due to possible multicollinearity All the tests were 
two-sided with significance levels at a P<0.05. All the analyses 
were performed using IBM SPSS Statistics ver. 20.0 (IBM Co., 
Armonk, NY, USA) and R ver. 2.15.2 (http://www.r-project.org).

RESULTS

There were differences in almost all metabolic parameters, body 
fat percentage, blood pressure, and health behaviors between 
men and women (Table 1). In the participants without HTN 
and DM, eGFR and uACR were significantly higher in women 
than in men; however, among those with HTN or DM, there 
was no difference in eGFR and uACR between women and 
men. Again, among those without HTN and DM, BMI and fast-
ing glucose were significantly higher in men than in women; 
however, there was no difference among men and women with 
HTN or DM. With respect to health behaviors, the number of 
men who consumed alcohol was higher than that of women.
 The correlation analysis showed that the variables that were 
significantly correlated with uACR were different between gen-
ders and those with HTN and DM (Table 2). Age was negatively 
correlated with uACR only in women without HTN and DM 
(P<0.0001), but there was no significant relationship between 
uACR and age in women with HTN or DM and in men. WC (P= 
0.0039), SBP (P=0.0003), DBP (P=0.0375), and pulse pressure 
(P =0.0071) were positively associated with uACR in women 
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with HTN and DM, but not in women without HTN and DM 
and in men. In the univariate analysis, BMI was correlated with 
uACR in men without HTN and DM (P=0.0064) but not in men 
with HTN and DM and in women. Glucose, HbA1c, and TG 
levels were positively correlated with uACR in men with HTN 
and DM, but not in women. GGT was positively correlated with 
uACR in men, but not in women.
 Multiple linear regression models were used to assess the as-
sociations of age, SBP, anthropometric parameters, metabolic 
profiles, lifestyle, and uACR (Table 3). In men without HTN and 
DM, HbA1c (P=0.01) was positively associated with uACR. In 
men with HTN or DM, SBP (P=0.005) and glucose levels (P< 
0.001) were positively associated with uACR. In women with 
HTN or DM, WC (P =0.011) and GGT levels (P <0.001) were 
positively associated with uACR, and glucose levels (P=0.019) 
were negatively associated with uACR.

DISCUSSION

Factors including blood pressure, metabolic profiles, and obe-
sity correlated with uACR were found to be different between 
for men and women. In men without HTN and DM, HbA1c 
was found to be significantly correlated with uACR. However, 
blood pressure, metabolic profiles, and obesity were not corre-
lated with uACR in women without HTN and DM. Although 
the level of HbA1c was not in the range that indicates DM, HbA1c 
could be one of the risk factors for albuminuria in men, but not 
in women. Differences between the genders were noted ac-

cording to the presence of HTN and DM. In men with HTN or 
DM, glucose level and SBP were significantly correlated with 
uACR. In women with HTN or DM, WC was positively correlat-
ed with uACR, but SBP was shown to be only marginally signif-
icant. Furthermore, in women with HTN or DM, glucose and 
uACR were negatively correlated, although men showed a pos-
itive correlation. These findings suggest that there is a paradox-
ical reverse correlation between glucose and uACR in women 
with early HTN or DM who were not taking medications, whose 
blood pressure and blood glucose levels were slightly elevated. 
This paradoxical reverse correlation between glucose and uACR 
was not observed in men. Therefore, it can be hypothesized 
that in women with early HTN or DM, a certain compensatory 
mechanism in the renal proximal tubule plays a role in regulat-
ing the plasma glucose levels, and such a compensatory mech-
anism may occur only in women in response to estrogen. Ani-
mal studies have suggested that estrogen plays a role in the 
preservation of renal function in chronic kidney disease and in 
the protection against renal aging in cases of oxidative dam-
age.23,24) Estrogen levels were not measured in our study, which 
is a limitation of our study.
 Interestingly, GGT, one of the markers of oxidative stress, was 
shown to have a positive correlation with uACR in the group of 
women with HTN or DM. This suggests that abdominal obesity 
and oxidative stress could be contributing to the mechanism 
involved in the development of albuminuria in the group of 
women with HTN or DM.
 Previous studies on albuminuria and the associated risk fac-

Table 3. Multiple linear regression analysis

Variable

HTN (-) and DM (-) HTN (+) or DM (+)

Men Women Men Women

Estimate P-value Estimate P-value Estimate P-value Estimate P-value

Age -0.002 0.686 -0.011 0.490 -0.010 0.327 -0.003 0.855
Blood pressure
SBP (mm Hg) 0.010 0.160 0.008 0.586 0.028 0.005 0.023 0.057
Anthropometric parameters
Body mass index (kg/m2) 0.019 0.392 -0.043 0.126
Waist circumference (cm) 0.017 0.204 0.054 0.011
Metabolic profiles
Glucose (mg/dL) 2.203 < 0.001 -2.212 0.019
HbA1c (%) 0.543 0.010 0.632 0.316
TG (mg/dL) 0.036 0.806 -0.184 0.569 0.031 0.874 -0.858 0.234
GGT (IU/L) 0.173 0.157 0.126 0.736 0.584 0.697 1.160 < 0.001
eGFR (mL/min/1.73 m2) 0.012 0.015 0.020 0.019 0.004 0.647 0.005 0.665
Life style
Smoking (pack/y) 0.290 0.096 0.178 0.587 -0.063 0.815 0.982 0.101
Menopause -0.264 0.696 0.109 0.837
Model R2 0.039 0.059 0.096 0.581

Urine albumin-to-creatinine ratio, glucose, TG, and GGT were log transformed because they were not normally distributed. The data describing life style were obtained from 
structured questionnaires. Values are standardized β-coefficients. The eGFR (mL/min/1.73 m2) = 186 × serum creatinine (mg/dL)-1.154 × age-0.203 × 0.742 (if female).
HTN, hypertension; DM, type 2 diabetes mellitus; SBP, systolic blood pressure; HbA1c, hemoglobin A1c; TG, triglyceride; GGT, gamma-glutamyl transpeptidase; eGFR, estimated 
glomerular filtration rate.
*HTN was defined as having a SBP of 140 mm Hg or higher, or a DBP of 90 mm Hg or higher. DM was defined as having a fasting glucose of 126 mg/dL or higher, or a HbA1c 
of 6.5% or higher.
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tors reported inconsistent results. uACR has been used to as-
sess urine albumin excretion, because it has been reported to 
be a good predictor of cardiovascular morbidity and all cause 
mortality.5) The cut-off value of microalbuminuria was uACR of 
≥30 to <300 mg/g; this value was obtained from studies about 
the risk of diabetic nephropathy development in diabetic pa-
tients.5,12,13) However, previous researchers defined microalbu-
minuria using the same cut-off points that were used in their 
study among the general or nonhypertensive, nondiabetic pop-
ulations.8,14) Using one standardized uACR value (≥30 μg/mg) 
to define microalbuminuria may not only underestimate mi-
croalbuminuria in subjects with higher muscle mass (men) 
and possibly in certain racial/ethnic groups such as non-His-
panic blacks but may also overestimate it in subjects with lower 
muscle mass (women) because the urine creatinine concen-
trations differ between men and women and between different 
racial/ethnic groups. Some previous studies have advocated 
use of separate uACR cut-off points for the detection of micro-
albuminuria in men and women. Use of sex-specific uACR val-
ues, (17 g/mg in men and 25 g/mg in women corresponding to 
30 and 31 g/min of urine albumin excretion, respectively) for 
comparison of the uACR in spot urine samples to albumin ex-
cretion rates measured in timed urine specimens has been 
suggested.25) Connell et al.26) collected timed overnight urine 
samples from 187 diabetic and 105 control subjects and found 
that uACR of 4.0 mg/mmol (22 g/mg) correlated with an albu-
min excretion rate of 35 g/min in men and 23 g/min in women. 
Our study suggested that the inconsistency in the results of the 
previous research about albuminuria and associated risk fac-
tors could be caused by differences in the study population, in-
cluding differences in gender and comorbidities.
 Our study has some limitations. First, it was difficult to iden-
tify the cause-and-effect relationship between albuminuria 
and associated risk factors due to the cross-sectional nature of 
the study. Second, the inability to exclude subjects with undi-
agnosed renal disease or other conditions that may elevate uri-
nary albumin excretion, such as hematuria, urinary tract infec-
tion, or other febrile illness should be considered when inter-
preting our data. Third, the results of urine albumin creatinine 
ratios were analyzed based on a single measurement. While 
the uACR is a good single-sample marker of increased urinary 
albumin excretion, a single measurement of urine albumin ex-
cretion and serum creatinine for calculating uACR and eGFR 
could result in misleading classifications of albuminuria and 
due to intra-individual variability. Unfortunately, it is not feasi-
ble to take repeated measurements in nationwide health ex-
amination studies. Lastly, data on the effects of several medica-
tions, which were used, on albuminuria were limited.
 Despite these limitations, one strength of our study is the use 
of nationally representative date from a large population-based 
study. Another important aspect of the study is the separate as-

sessments of characteristics of men and women in the general 
population, of those in the group without comorbidities such 
as HTN and DM, and of those with either HTN or DM. Previ-
ous studies based on participants of KNHANES from 2007 to 
2010 did not include HbA1c values in their studies. However, 
our data included HbA1c; therefore, the prevalence of DM was 
not underestimated as in previous studies.
 In conclusion, we found that factors correlated with albu-
minuria were different according to gender and comorbidities. 
Therefore, studies about albuminuria and risk factors should 
consider gender and comorbidities.
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