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Objectives: The goal of this study was to examine the association of various demographic and socioeconomic factors with risk factors
for chronic kidney disease (CKD).

Methods: We used nationally representative pooled data from the Korea National Health and Nutrition Examination Survey
(KNHANES), 2007-2013. We estimated the glomerular filtration rate (GFR) using the Modification of Diet in Renal Disease equation.
We defined CKD as a GFR <60 mL/min/1.73 m?, and 1304 of the 45 208 individuals included in the KNHANES were found to have CKD
by this definition. The outcome variable was whether individual subjects adhered to the CKD prevention and management guidelines
recommended by the Korea Centers for Disease Control and Prevention. The guidelines suggest that individuals maintain a normal
weight, abstain from alcohol consumption and smoking, manage diabetes and hypertension, and engage in regular exercise in order
to prevent and manage CKD.

Results: This study found that individuals with CKD were more likely to be obese and have hypertension or diabetes than individuals
without CKD. In particular, male and less-educated CKD patients were less likely to adhere to the guidelines.

Conclusions: Although the prevalence of CKD, as indicated by the KNHANES data, decreased from 2007 to 2013, the prevalence of
most risk factors associated with CKD fluctuated over the same time period. Since a variety of demographic and socioeconomic fac-
tors are related to the successful implementation of guidelines for preventing and managing CKD, individually tailored prevention ac-
tivities should be developed.
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Chronic kidney disease (CKD) is a global problem, and its
prevalence is increasing dramatically. According to data from
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duction in any medium, provided the original work is properly cited. higher than in Western countries. The prevalence of a glomer-
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ular filtration rate (GFR) <60 mL/min/1.73 m?in the adult Jap-
anese population is 19.1% [3]. A recent study found the preva-
lence of CKD in Beijing to be 13.0% [4]. The socioeconomic
burden of CKD is alarming in the Republic of Korea (hereafter
Korea), where the total direct and indirect costs associated with
CKD were estimated to be over 5000 billion Korean won (US$ 5
billion) in 2011 [5]. The prevalence of CKD has increased signifi-
cantly over the past decade, resulting in the greater utilization of
related health care services. The increasing burden of CKD has
led to increased interest in strategies for preventing and manag-
ing CKD. The Korean Society of Nephrology and the Korea Cen-
ters for Disease Control and Prevention (KCDC) have recently
published guidelines for the prevention and management of
CKD. Previous studies have indicated that it is important for CKD
patients to avoid several risky health behaviors, such as smok-
ing, drinking, and obesity, in addition to managing hypertension
and diabetes and engaging in regular exercise [6].

Smoking has been found to be related to CKD, independent-
ly of several important confounders. Similarly, heavy drinking,
defined as the consumption of four or more standard units of
alcohol per day, has been found to be associated with CKD [7].
Smoking has emerged as an important modifiable kidney risk
factor based on multiple studies that have documented a dis-
tinct association between smoking and renal injury among the
general population. Several studies have documented smok-
ing-related alterations that have been proven to be harmful to
the kidney [8]. Joint exposure to both current heavy drinking
and smoking was associated with almost five-fold increased
odds of developing CKD compared to the absence of these fac-
tors (odds ratio [OR], 4.93; 95% confidence interval [Cl], 2.49 to
9.94) [7]. Moreover, CKD appears to be associated with the risk
of total stroke, showing a particularly strong association with
hemorrhagic stroke in males and ischemic stroke in females [9].

Obesity has been increasingly regarded as an major risk fac-
tor for the development of CKD [10]. Obesity is a major risk fac-
tor for the progression of kidney damage. Obesity leads several
pathophysiologic disorder that contribute to renal damage
[11]. Overweight and obese people are more apt to generate
albuminuria and, at least in some types of kidney disease, a
more speedy progression and greater amount of albuminuria
of renal failure. Preliminary material indicate that many of the
nephropathologic manifestations associated with obesity can
be ameliorated with reductions in body fat caused by dietary
energy control or surgical procedures which reduce intake [12].
It has been confirmed that the presence of obesity accelerates
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the progression of CKD in patients with CKD of various etiolo-
gies. Moreover, firm links have been established between obe-
sity, proteinuria, and the progression of CKD [13]. Unusual kid-
ney function, induced by increased renal tubular reabsorption,
begins volume expansion and the hypertension, and increased
blood pressure during excessive weight gain, and metabolic
abnormalities related to obesity, in turn, contribute to chronic
kidney disease [14].

Observational studies have reported a significant inverse as-
sociation of physical function and aerobic capacity with mor-
tality in patients with CKD. Such studies have provided evi-
dence that exercise may cause a decrease of cardiovascular dis-
ease risk factors. The evidence supports therapeutic exercise as
a helpful treatment for patients with CKD [15]. There is proof of
the benefit of regular exercise in a lot of long period conditions
including CKD [16]. The contribution of diseases related to ag-
ing, such as diabetes mellitus and hypertension, may acceler-
ate this decrease in renal function with aging and therefore
raise the incidence of chronic kidney disease [17]. The joint rec-
ommendations of the American Society of Nephrology and the
National Kidney Foundation provide helpful guidelines for the
management of hypertension patients with CKD. They recom-
mend a goal blood pressure for all CKD patients of <130/80
mmHg [18].

Numerous studies have suggested that socioeconomic dis-
parities exist in the prevention and management of disease in
general [19-25]. CKD is not likely to be an exception to this gen-
eralization; therefore, this study examined the association of
various demographic and socioeconomic factors with risk fac-
tors for CKD in the Korean population.

METHODS

Data Source and Subjects

The data used in this report were obtained from the cross-
sectional, nationally representative 2007-2013 Korea National
Health and Nutrition Examination Survey (KNHANES) performed
by the Korean Ministry of Health and Welfare. A stratified multi-
stage probability design was used, with subject selection made
from sampling units using household registries. A total of 6000
households containing 13 173 individuals each year took part in
the survey, which consisted of four parts: a health interview sur-
vey, a health consciousness and behavior survey, a physical ex-
amination, and a nutrition survey. As the raw data are open to
the public for scientific use, ethical approval was not needed for
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Table 1. General characteristics

Variables Total With CKD . Without CKD p-value
n ) n %
Glomerular filtration rate (mL/min/1.73 m?) <0.001
<30 74 74 100.0 0 0.0
<60 1230 1230 100.0 0 0.0
<90 17 665 0 0.0 17 665 100.0
=90 26 239 0 0.0 26 239 100.0
Age (y) <0.001
<49 25 956 46 02 25910 99.8
50-59 7282 132 1.8 7150 98.2
60-69 6507 365 5.6 6142 94.4
=70 5463 761 13.9 4702 86.1
Sex 0.19
Male 20038 555 28 19483 97.2
Female 25170 749 3.0 24 421 97.0
Education <0.001
None or elementary school 13812 758 5.3 13 054 945
Middle or high school 19349 398 2.1 18 951 97.9
University or higher 12 047 148 1.2 11899 98.8
Marital status <0.001
Married 33755 1279 38 32476 96.2
Not married 11246 16 0.1 11230 99.9
Household income <0.001
Quartile 1 8253 561 6.8 7692 93.2
Quartile 2 11313 333 29 10980 97.1
Quartile 3 12 281 171 1.4 12110 98.6
Quartile 4 12 565 191 1.5 12374 98.5
Residence <0.001
Metropolitan 35189 918 2.6 34 271 97.4
Rural 10019 386 39 9633 96.1
Occupation <0.001
Manager/professional level 4677 39 0.8 4638 99.2
Office workers 3035 23 0.8 3012 99.2
Service workers/sellers 4939 49 1.0 4890 99.0
Agriculture/fishery 3195 116 3.6 3079 96.4
Technicians/mechanics/assemblers 3665 44 1.2 3621 98.8
Simple labor 3467 105 3.0 3362 97.0
Total 45208 1304 29 43 904 971

CKD, chronic kidney disease.

Table 2. Prevalence rate of risk factors associated with chronic kidney disease

Variables 2007 2008 2009 2010 201 2012 2013

Prevalence rate Total 6.2 35 2.1 2.0 2.8 2.8 26
Weighted total 43 26 15 15 1.8 1.8 2.1

Risk factors Obesity 472 418 447 42.0 47.3 38.2 494
Alcohol 429 395 45.0 46.8 46.5 46.3 48.3
Smoking 40.1 420 46.8 458 41.6 44.4 454
Exercise 16.5 18.8 19.3 18.1 99 12.5 15.4
Diabetes mellitus 23.4 35.0 36.3 40.3 34.3 37.2 435
Hypertension 61.5 65.5 795 84.1 76.6 73.0 75.0

Values are presented as %.
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this study.

We analyzed cross-sectional data from 58 423 individuals
who answered the health behavior survey completely. Since
we estimated the GFR from serum creatinine levels, we exclud-
ed subjects for whom this information was not available. Thus,
a total of 45 208 subjects were included in our analysis.

Independent Variables and Outcome Variables

The level of kidney function was ascertained by using an ab-
breviated equation developed to estimate the GFR using data
from the Modification of Diet in Renal Disease study. The Na-
tional Kidney Foundation Kidney Disease Outcome Quality Ini-
tiative has defined CKD as a GFR <60 mL/min/1.73 m? and
this definition was applied in our study.

In the present study, the outcome variable was whether in-
dividuals adhered to the CKD prevention and management
guidelines. We defined non-compliance to the guidelines as
obesity, alcohol consumption or smoking, the absence of reg-
ular exercise, diabetes, or hypertension. Hypertension was in-
dicated by a systolic pressure =140 mmHg, a diastolic pres-
sure =90 mmHg, or the use of anti-hypertension medication.
Diabetes was identified by a fasting blood glucose level =126
mg/dL, a diagnosis based on a physical examination performed
by a doctor, or the use of a hypoglycemic agent. We defined
regular exercise as at least three exercise sessions per week,
and obesity as a body mass index = 25 kg/m?”. Individuals were
categorized as smokers if they were current smokers, and were
classified as drinkers if they had consumed alcohol over the
course of the previous year.

We analyzed the following demographic and socioeconomic
factors: age, sex, education, marital status, household income,
residence, and occupation. The participants were classified into
four age groups (<49, 50-59, 60-69, and =70). Education lev-
els were categorized into three groups (none or elementary
school, middle or high school, and university or higher). Marital
status was divided into two categories: married and not mar-
ried. The household income quartile was sourced from the
KNHANES, and the adjusted household income was calculated
by dividing the household monthly income by the square root
of the household size. Based on this method of calculating the
household income, the KNHANES subjects were ranked from
lowest to highest and then grouped into four household in-
come quartiles (1 being the lowest and 4 being the highest),
each containing approximately 25% of the survey population.
Residence was categorized into (1) metropolis (Seoul, Busan,
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Daegu, Incheon, Daejeon, Gwangju, and Ulsan) or (2) rural. Oc-
cupations were categorized into six groups (managers or pro-
fessionals; office workers; service workers or retailers; agricul-
ture or fishery employees; technicians, mechanics, or assem-
blers; and simple laborers).

Statistical Analysis

We used descriptive statistical methods to present the char-
acteristics of the subjects, and reported the number and per-
centage for each variable. ORs with 95% Cls were calculated to
measure the strength of the association between the demo-
graphic variables and the six guideline-related outcome vari-
ables in this study population. All variables were tested in a
multiple logistic regression model, in which the proc survey
logistic procedure was used. Multiple logistic regressions were
tested on the six guideline-related outcomes (obesity, alcohol
consumption, smoking, exercise, diabetes, and hypertension).
All statistical tests were performed using SAS version 9.2 (SAS
Institute Inc., Cary, NC, USA).

RESULTS

We examined the demographic and socioeconomic status of
respondents depending on their CKD status using pooled data
from the KNHANES, 2007-2013 (Table 1). Roughly 2.6% of indi-
viduals in the pooled data were identified as having CKD. The
demographic and socioeconomic profiles of the individuals
with CKD were different from those without CKD, with the ex-
ception of sex. Table 2 shows the prevalence of CKD by year,
showing that the prevalence decreased over time (from 6.2%
in 2007 to 2.6% in 2013). In addition, we examined the preva-
lence of risk factors associated with CKD by year. The preva-
lence of most risk factors fluctuated over the time interval
studied.

We found that individuals with CKD were more likely to be
obese and have hypertension or diabetes than individuals
without CKD (Table 3). The results of the general characteris-
tics and multiple logistic regression analysis examining the as-
sociations of demographic and socioeconomic variables with
the six preventative guideline-related outcomes among indi-
viduals with CKD are presented (Tables 4 and 5). Age was neg-
atively associated with alcohol consumption, and female pa-
tients were more likely than their male counterparts to adhere
to the CKD prevention guidelines. Higher education levels
were associated with lower rates of obesity, diabetes, and hy-



Journal of
Tae Hyun Kim, et al. Preventive Medicine
& Public Health

Table 3. Association of CKD status with the six prevention measures

Variables Obesity Alcohol Smoking Exercise DM HY
CKD
No 1.00 1.00 1.00 1.00 1.00 1.00
Yes 1.57(1.02, 2.41) 1.88(1.186, 3.05) 0.73(0.37,1.43) 1.05(0.69, 1.59) 1.64(0.90, 2.99) 2.21(1.40, 3.50)

Values are presented as odds ratio (95% confidence interval).
Odds ratio obtained using multiple logistic regression models adjusted for sex, age, education level, marital status, income level, residence, and occupation.
CKD, chronic kidney disease; DM, diabetes mellitus; HY, hypertension.

Table 4. General characteristics by the six prevention measures among individuals with CKD

i Obesity Alcohol Smoking Exercise DM HY
Variables Total
% p-value % p-value % p-value % p-value % p-value % p-value

Age (y) 0.002 <(0.001 0.72 <0.001 0.03 0.001

<49 46 46 6.3 3.6 35 19 24

50-59 132 1.4 14.7 10.2 15.4 1.1 9.6

60-69 365 31.8 34.0 30.6 35.8 313 27.7

=70 761 523 45.1 55.7 453 55.7 60.3
Sex 0.02 <0.001 <0.001 0.21 <0.001 <0.001

Male 555 392 69.4 74.7 46.8 36.5 326

Female 749  60.8 30.6 25.3 53.2 63.6 67.4
Education <0.001 0.03 <0.001 0.05 <0.001 <0.001

None or elementary school 758  58.0 46.7 54.0 52.2 60.2 61.6

Middle or high school 398 311 4.0 32.8 38.3 325 30.4

University or higher 148 108 12.3 13.2 9.5 74 8.1
Marital status 0.97 0.02 0.08 0.58 0.34 0.93

Married 1279 98.8 98.0 98.1 98.5 98.3 98.8

Not married 16 12 2.0 19 15 1.7 12
Household income 0.71 <0.001 0.23 0.05 0.01 0.96

Quartile 1 561 436 375 48.7 36.9 50.7 446

Quartile 2 333 26.0 29.3 24.9 26.7 25.5 26.6

Quartile 3 171 143 14.7 1.3 15.9 1.7 13.7

Quartile 4 191 16.1 18.6 15.0 20.5 12.1 15.1
Residence 0.02 0.002 0.96 0.26 0.09 0.72

Metropolitan 918 736 74.8 70.5 67.2 733 70.9

Rural 386 264 25.2 29.5 328 26.5 29.1
Occupation 0.01 <0.001 0.03 0.09 0.1 0.99

Manager/professional level 39 160 12.3 13.2 13.2 10.9 10.0

Office workers 23 47 8.7 9.9 1.1 42 5.8

Service workers/sellers 49 142 12.8 10.7 8.8 10.1 12.7

Agriculture/fishery 116 254 26.0 306 36.3 26.9 309

Technicians/mechanics/assemblers 44 13.0 16.9 15.7 9.9 10.1 12

Simple labor 105 26.6 23.3 19.8 30.8 37.8 28.6
Total 1304 100.0 100.0 100.0 100.0 100.0 100.0

CKD, chronic kidney disease; DM, diabetes mellitus; HY, hypertension.

pertension. Marital status, household income, and residence DISCUSSION

did not show significant effects, and some occupation catego-

ries only showed a significant effect for obesity and exercise. We analyzed six outcome variables that reflect the guide-
lines recommended by the KCDC for the prevention and man-
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Variables Obesity Alcohol
Age (y)

<49 1.00 1.00

50-59 0.62(0.23,1.66)  0.32(0.07, 1.43)

60-69 0.89(0.33,2.36)  0.27(0.06, 1.18)

=70 0.61(0.22,169)  0.14(0.03, 0.66)
Sex

Male 1.00 1.00

Female 0.85(0.51,1.41)  0.27(0.16, 0.47)
Education

University or higher 1.00 1.00

Middle or high school 0.95(0.33,2.75)  0.76(0.22, 2.70)

None or elementary school 1.69(1.13,2.79)  0.84(0.26, 2.70)
Marital status

Married 1.00 1.00

Not married 0.65(0.08,5.52)  0.58(0.06, 5.94)
Household income

Quartile 4 1.00 1.00

Quartile 3 0.93(0.45,191)  0.65(0.30, 1.42)

Quartile 2 1.46(0.72,2.97)  1.02(0.46, 2.25)

Quartile 1 0.87(0.40,1.87)  0.84(0.36, 1.98)
Residence

Metropolitan 1.00 1.00

Rural 0.91(0.52,158)  0.64(0.36, 1.13)
Occupation

Manager/professional level 1.00 1.00

Office workers 0.24(0.07,0.79) 3(0.78, 11.56)

Service workers/sellers 0.48(0.16, 1.45)  1.82(0.53, 6.20)

Agriculture/fishery 0.28(0.09,0.85)  2.31(0.62, 8.55)

Technicians/mechanics/assemblers  0.39(0.13, 1.21) 3.2(0.84,12.18)

Simple labor 0.38(0.13,1.10)  1.78(0.51,6.29)

Management of Chronic Kidney Disease

Smoking Exercise DM HY
1.00 1.00 1.00 1.00
1.29(0.46, 3.65)  1.33(0.37, 4.83) 2.63(0.69,9.94) 0.94(0.32,2.75)
1.32(0.49,3.57) 1.34(0.41,4.38) 2.33(0.66,8.24)  1.19(0.42, 3.36)
0.87(0.31,2.50) 1.12(0.33, 3.86) 2.07(0.56,7.62)  1.34(0.45,3.99)
1.00 1.00 1.00 1.00
0.1(0.05,0.21) 1.44(0.80, 2.60) 275(1.44,329)  2.78(1.32,3.38)
1.00 1.00 1.00 1.00
1.09(0.37,3.17)  1.07(0.31, 3.70) 0.97(0.32,291)  0.82(0.28, 2.40)
0.58(0.23,1.46) 1.15(0.36, 3.62) 2.01(1.37,376)  1.85(1.33,3.15)
1.00 1.00 1.00 1.00
1.86(0.26, 13.58) 8.92(0.50, 158.50)  0.6(0.07,4.91)  1.58(0.13, 19.65)
1.00 1.00 1.00 1.00
1.37(0.61,3.10)  0.67(0.29, 1.56) 1.58(0.72,3.44)  1.14(0.53, 2.43)
1.12(0.51,2.45)  0.55(0.24, 1.30) 1.04(0.47,2.31)  0.87(0.42,1.81)
0.69(0.31,1.54)  0.59(0.24, 1.45) 1.29(0.56,2.97)  0.86(0.39,1.89)
1.00 1.00 1.00 1.00
0.99(0.51,1.91) 1.76(0.95, 3.26) 1.38(0.79,2.40)  1.02(0.56, 1.85)
1.00 1.00 1.00 1.00
2.22(0.70,7.02) 0.08(0.01, 0.47) 0.55(0.15,2.02)  0.94(0.30,2.92)
1.19(0.38,3.66) 0.33(0.10, 1.14) 06(0.19,1.96)  1.05(0.37,3.01)
1.3(0.41,4.09) 0.6(0.18,2.00) 0.61(0.19,1.94)  1.06(0.37, 3.06)
1.15(0.37,3.54)  05(0.12,2.02) 0.83(0.24,2.83)  1.43(0.45,4.51)
0.91(0.30,2.79) 0.71(0.21,2.35) 1.54(0.51,4.65)  1.27(0.45, 3.56)

Values are presented as odds ratio (95% confidence interval).
CKD, chronic kidney disease; DM, diabetes mellitus; HY, hypertension.

agement of CKD. Although the prevalence of CKD decreased
from 2007 to 2013, the prevalence of most risk factors associ-
ated with CKD fluctuated over this time interval. These find-
ings may indicate that public health programs encouraging
patients with CKD to adhere to health guidelines need to be
strengthened.

Individuals with CKD were more likely to be obese and to
have hypertension or diabetes than individuals without CKD.
Obesity is a major risk factor associated with CKD. An ongoing
obesity epidemic has been observed throughout the world
[26,27]. Obesity is linked to pathogenic mechanisms of kidney
injury and has been associated with kidney disease in animal
models. Obesity is a modifiable risk factor for diabetes and hy-

pertension, which are the two most common causes of pro-
gressive CKD and end-stage renal disease in most populations.
Ample evidence exists that extreme obesity is associated with
albuminuria, a biomarker of kidney injury, reflecting a distinc-
tive pattern of obesity-related glomerulopathy. Evidence also
exists indicating that the behavioral, pharmacological, and
surgical treatment of obesity-related CKD may be effective in
modifying the biomarkers of kidney injury (i.e., increased renal
blood flow and proteinuria). Moreover, extensive evidence has
been presented that individuals with CKD and patients who
progress to end-stage renal disease have a higher prevalence
of obesity than other groups [28]. These observations provide
the context for a discussion of whether current evidence sup-
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ports recommendations for public health action to reduce the
burden of obesity-related CKD.

No significant differences regarding physical activity were
found among individuals with and without CKD. Physical activ-
ity confers diverse biological benefits that may counteract the
adverse metabolic environment of CKD. Conversely, physical
inactivity contributes to the development of CKD, particularly
through diabetes and hypertension, which are the most com-
mon causes of kidney disease [29-33]. Continued improvement
in the monitoring of physical activity would help guide devel-
opment of policies and programs to increase the activity levels
of patients with CKD, thereby reducing the overall burden of
non-communicable disease. Collaboration with community
agencies would play a crucial role in successfully implementing
such plans. For example, making use of existing transportation
systems may assist patients in attending health screenings,
clinic appointments, or dialysis treatment. Local gyms and
schools may offer reduced or free educational sessions related
to wellness activities, such as exercise programs or basic health
education.

CKD is often caused by diabetes mellitus and hypertension.
Both diabetes mellitus and hypertension are treatable and pre-
ventable; however, the population of individuals diagnosed
with these two diseases is increasing. Health promotion and
early detection are key factors in reducing the incidence of dia-
betes mellitus and hypertension and thus reducing the inci-
dence of CKD.

Among individuals with CKD, being male or less educated
corresponded to a lower likelihood of following the guidelines
for preventing and managing CKD; therefore, efforts to improve
the adherence to such guidelines may need to be tailored spe-
cifically to those groups.

Our study has some limitations. First, the present study em-
ployed a cross-sectional design. Therefore, we could not con-
firm a definite causal relationship between CKD and the asso-
ciated risk factors. Second, we did not analyze nutritional fac-
tors that could affect CKD. Third, since variables such as smok-
ing, alcohol consumption, and exercise are estimated by self-
reporting, there is a risk of inaccurate self-reporting caused by
recall bias. However, the prevalence of obesity, hypertension,
diabetes mellitus, and CKD as indicated by GFR was estimated
based on data from physical examinations.

Despite the above limitations, our study is the first empirical
study designed to examine demographic and socioeconomic
factors associated with the prevention and management of
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CKD in Korea. Individuals with CKD were more likely to be obese
and to have hypertension or diabetes than individuals without
CKD. Since a variety of demographic and socioeconomic factors
are related to the prevention and management of CKD, individ-
ually tailored prevention activities must be developed and im-
plemented.
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