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The KoreaN Cohort Study for Qutcomes in Patients With Chronic Kidney Disease (KNOW-
CKD) was developed to investigate various clinical courses and risk factors for progression
of Korean chronic kidney disease (CKD). The KNOW-CKD study consists of nine clinical
centers in Korea, and patients aged between 20 and 75 years with CKD from stage 1 to 5
(predialysis) were recruited. At baseline, blood and urine samples were obtained and
demographic data including comorbidities, drugs, quality of life, and health behaviors
were collected. Estimated glomerular filtration rate (eGFR) was calculated by 4-variable
Modification of Diet in Renal Disease (MDRD) equation using isotope dilution mass
spectrometry (IDMS)-calibrated serum creatinine measured at a central laboratory.

As a dynamic cohort, a total of 2,341 patients were enrolled during the enrollment period
from 2011 until 2015, among whom 2,238 subjects were finally analyzed for baseline
profiles. The mean age of the cohort was 53.7 £ 12.2 year and 61.2% were men. Mean
eGFR was 50.5 * 30.3 mL/min/1.73 m”. The participants with lower eGFR had a tendency
to be older, with more comorbidities, to have higher systolic blood pressure (BP) and pulse
pressure, with lower income level and education attainment. The patients categorized as
glomerulonephritis (GN) were 36.2% followed by diabetic nephropathy (DN, 23.2%),
hypertensive nephropathy (HTN, 18.3%), polycystic kidney disease (PKD, 16.3%), and
other unclassified disease (6.1%). The KNOW-CKD participants will be longitudinally
followed for 10 years. The study will provide better understanding for physicians regarding
clinical outcomes, especially renal and cardiovascular outcomes in CKD patients.

Keywords: Chronic Kidney Disease; Cohort; Diabetes; Hypertension; Polycystic Kidney
Disease; Glomerulonephritis; Epidemiology

INTRODUCTION

As aging populations are growing worldwide, the number of patients with chronic kid-
ney disease (CKD) and end-stage renal disease (ESRD) is increasing. CKD is a major
threat to the all-cause and cardiovascular mortality (1,2). Besides, medical expenses
for management of this disease entity are increasing, as well. Because CKD is a pro-
gressive disease and is associated with many complications including cardiovascular
disease (CVD), mineral-bone disease (MBD), and anemia, early intervention for the
prevention of CKD progression is crucial. Especially, it is well known that early referral
to a nephrologist is associated with improved clinical outcomes in CKD patients (3-5).

To advance our knowledge regarding the risk factors for CKD and CVD and epide-
miology of CKD, a few cohort studies have been established recently. The Chronic Re-
nal Insufficiency Cohort (CRIC) study of the United States started in 2001, Canadian
Study of Prediction of Death, Dialysis and Interim Cardiovascular Events (CanPRED-
DICT) (6) of Canada was established in 2009. It is expected that the results from the
large-scale longitudinal cohort studies may provide an insight into the various clinical
courses and risk factors of CKD. However, the above CKD cohort studies include very
few Asian CKD patients.
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The risks of CKD progression to ESRD or the risk of cardio-
vascular (CV) events or mortality differ significantly depending
on the socio-demographic background of the population (7,8).
Both the racial differences and socioeconomic disparities may
play a significant role in the clinical course and complications
of CKD (7,9,10). Therefore, with the purpose to elucidate the
progression and clinical courses of the Korean CKD, which may
or may not be different from the Caucasian CKD population,
the KoreaN Cohort Study for Outcomes in Patients With Chron-
ic Kidney Disease (KNOW-CKD) was launched in 2011, funded
by the Korea Centers for Disease Control and Prevention (KCDC).
Furthermore, since the KNOW-CKD cohort includes, unlike
other CKD cohort studies (11-14), the patients with earlier stag-
es of CKD (stage 1 and 2), as well as advanced stage, the study is
also aimed to explore the clinical courses of mild CKD subpop-
ulation.

The objectives of the KNOW-CKD cohort study are to explore
the clinical courses of Korean CKD, to identify the factors relat-
ed to CKD progression or adverse clinical outcomes, and to iden-
tify high-risk subgroups of CKD progression and CVD develop-
ment. We enrolled the subjects from 2011 until January, 2016.
Here, in the present article, we report the baseline characteris-
tics of total enrolled patients of KNOW-CKD according to CKD
stages and specific causes of CKD.

MATERIALS AND METHODS

Study organization

Details of the rationale and design of the KNOW-CKD study
have been described elsewhere previously (15). Briefly, 9 uni-
versity-affiliated tertiary-care hospitals throughout Korea par-
ticipated in the patient enrollment. Nephrologists, epidemiolo-
gists, specialists in laboratory medicine, and biostatisticians
have been participating in this study. The study is funded and
supervised by the KCDC.

Study design and study populations

The KNOW-CKD was designed as a prospective cohort study
and participants who provide written informed consent were
enrolled at nine participating centers in Korea—i.e., Seoul Na-
tional University Hospital, Seoul National University Bundang
Hospital, Yonsei University Severance Hospital, Kangbuk Sam-
sung Medical Center, Seoul St. Mary’s Hospital, Gil Hospital,
Eulji General Hospital, Chonnam National University Hospital,
and Pusan Paik Hospital.

The participants were all ethnic Koreans, aged between 20
and 75 years with CKD stages from 1 to 5 (pre-dialysis). CKD
stages were defined on the basis of the estimated glomerular
filtration rate (eGFR) calculated using the 4-variable Modifica-
tion of Diet in Renal Disease (MDRD) equation as follows (16):

eGFR (mL/min/1.73 m?) = 175 x (serum Cr [mg/dL])™"" x
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(age)™**® x (0.742 if female) x (1.212 if black)

The serum creatinine was measured at a central laboratory,
using an assay traceable to the international reference material
(16,17). We excluded those who 1) were unable or unwilling to
give informed consent, 2) had previously received chronic dial-
ysis or organ transplantation, 3) had heart failure (New York
Heart Association [NYHA] class 3 or 4) or liver cirrhosis (Child-
Pugh class 2 or 3), 4) had a past or current history of malignan-
cy, 5) were currently pregnant, or 6) had a single kidney due to
trauma or kidney donation.

All enrolled patients were categorized as the following sub-
groups; glomerulonephritis (GN), diabetic nephropathy (DN),
hypertensive nephropathy (HTN), and polycystic kidney dis-
ease (PKD) and unclassified, based on the etiologic disease.
The definition of the subgroup categorization was decided by
the pathologic diagnosis when the biopsy result is available.
Otherwise, the subgroup classification depends on the clinical
diagnosis made by nephrologists. The clinical diagnosis of GN
is based on the glomerular hematuria or albuminuria with or
without an underlying systemic disease causing GN. The patients
who had albuminuria and diabetic retinopathy with type 2 dia-
betes mellitus were categorized into DN. Subjects with hyper-
tension and CKD in the absence of other illness that may cause
kidney disease was classified into HTN. Diagnosis of PKD was
based on the unified criteria (18). The rest of the patients were
categorized as ‘unclassified’ Baseline comorbidity was scored
by using age-adjusted modified Charlson comorbidity index
(ccn (19).

Enrollment, follow-up, and study data collection

A total 2,341 CKD patients consented to the study enrollment.
Among these patients, sixteen subjects violated the inclusion
criteria, eighty-three failed to test for the IDMS-calibrated cre-
atinine level, and 4 subjects violated the inclusion criteria and
failed to test for IDMS-calibrated creatinine simultaneously. Af-
ter exclusion (n = 103), 2,238 subjects were finally selected for
the analysis of baseline profiles and future follow-up (Fig. 1).
The sequence and schedule of KNOW-CKD cohort clinic visits

Total enrolled patients (2011-2015)
n=2,341

Excluded (n = 103)
1) Violation of inclusion criteria (n = 16)
2) No IDMS creatinine measurements (n = 83)
3) Violated inclusion criteria and no IDMS Cr (n = 4)

\4
Patients eligible for baseline analysis
and longitudinal follow up
n=2238

Fig. 1. Participants’ recruitment and follow-up flow diagram.
IDMS = isotope dilution mass spectrometry, Cr = creatinine.
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Table 1. Sequence and schedule of KNOW-CKD Study clinic visits and procedures

Parameters Screen Baseline 6 mon 1 yr

2yr 3yr 4yr 5yr 6yr 7yr 8yr 9yr 10 yr

Informed consent

Demographic information

Medical history

Eligibility confirmation

Recent events

Medications

Health related questionnaire

HRQOL questionnaire

BP

Anthropometric measures

CBC, chemistry

IDMS-traceable Cr, eGFR

Cystatin C

HbA1c (diabetic subjects)

Lipid panel, CRP, iron panel

Intact PTH, 25(0H)D, 1,25(QH)D, troponin T

UA with microscopy

24HU — Ca/P/Cr/Urea/Uric acid/protein

ECG, chest X-ray

Spot urine e', albumin, protein, osmolality, Cr

EchoCG, PWV, ABI, Coronary CT, LS spine lateral
X-ray, DEXA BMD

Biosamples for DNA

Plasma/urine biosample

Fundus exam (DNsubgroup)

Abdomen CT (PKD subgroup)

Family screen (PKD subgroup) °

KNOW-CKD = KoreaN Cohort Study for Outcomes in Patients With Chronic Kidney Disease, HRQOL = health-related quality of life, BP = blood pressure, CBC = complete blood
count, Cr = creatinine, eGFR = estimated glomerular filtration rate, HbA1c = hemoglobin A1c, CRP = C-reactive protein, UA = urinalysis, 24HU = 24-hour urine, ECG = electro-
cardiogram, PTH = parathyroid hormone, 25(0H)D = 25-hydroxyvitamin D, 1,25(0H)D = 1,25-dihydroxyvitamin D, EchoCG = echocardiography, PWV = pulse wave velocity,
ABI = ankle-brachial index, CT = computerized tomography, LS = lumbosacral spine, DEXA BMD = dual energy x-ray absorptiometry bone mineral density, DN = diabetic ne-

phropathy, PKD = polycystic kidney disease.

and procedures was showed in Table 1.

At the baseline visits, socio-demographic characteristics, smo-
king, alcohol consumption, medication, and personal and fam-
ily medical histories were collected. The anthropometric mea-
surements such as height, weight, and waist/hip ratios were
collected. The resting blood pressure (BP) and pulse pressure in
the clinic were measured by an electronic sphygmomanometer.
Evaluation of CV parameters is assessed via measurements of
ankle-brachial index (ABI), pulse wave velocity (PWV), and echo-
cardiography. Each center assessed coronary calcium score
(CCS) through Agatston score which was calculated based on
the extent of coronary artery calcification detected by an elec-
tron-beam computed tomography (CT) scanner or a multi-de-
tector CT. The subjects filled out questionnaires regarding qual-
ity of life using Korean version of Kidney Disease Quality Of Life
Short Form (KDQOL-SF) instrument (20), socioeconomic sta-
tus (SES), educational attainment, physical activity, health be-
haviors, and health care facility utilization. Hypertension was
defined as either BP measured at the clinic > 140/90 mmHg or
taking anti-hypertensive medication. Serum and urine samples
were collected for initial study measures and rest of samples

https://doi.org/10.3346/jkms.2017.32.2.221

At enroliment and
every 6-12 months

At enroliment

Whole blood

-

Urine
2nd voided 10 mL

Serum
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| DNA isolation |
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-70°C deep freezer
in the biobank
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Fig. 2. Collection of clinical specimens in KNOW-CKD cohort.
KNOW-CKD = KoreaN Cohort Study for Outcomes in Patients With Chronic Kidney
Disease, rpm = revolution per minute.
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were stored for further studies (Fig. 2). Serum concentrations of
creatinine, intact parathyroid hormone (iPTH), 25-hydroxyvita-
min Ds (25[0OH]Ds), 1,25-dihydroxyvitamin Ds (1,25[0H].Ds),
cystatin C, troponin T were measured at the central laboratory.
Urine concentrations of albumin, protein, creatinine, calcium,
phosphorus, urea, uric acid, sodium, potassium, chloride, os-
molality were measured at a random urine at the central labo-
ratory.

All of the data, including demographics, laboratory test and
clinical outcomes were recorded in a web-based, electronic case-
reporting form (eCRE http://www.phactax.org) developed by
the Division of Data Management in Seoul National University
Medical Research Collaborating Center.

Outcome variables

Composite renal events were defined as > 50% decrease in eGFR
from the baseline eGFR, doubling of serum creatinine, or de-
velopment of ESRD. CV events are defined as myocardial in-
farction, unstable angina, coronary revascularization, stroke
and new development or aggravation of congestive heart fail-
ure. Data on the time and specific causes of mortality will also
be collected. The mortality and cause of death will also be ob-
tained from KOrean Statistical Information Service (KOSIS).
Other events such as all-cause hospitalization, surgery, and frac-
ture will also be collected during the follow-up period.

Statistical analysis

The baseline characteristics of the study participants are descri-
bed using means with standard deviation (SD) or medians and
interquartile ranges for continuous variables, and frequency is
described using percentages for categorical variables. We used
t-test and one-way analysis of variance (ANOVA) for compari-
sons of continuous variables and the y test for categorical vari-
ables as appropriate. A statistically significant difference was
defined as a 2-sided P < 0.05.

Ethics statement

The study protocol was approved by the Institutional Review
Board at each participating clinical center—i.e., Seoul National
University Hospital (1104-089-359), Seoul National University
Bundang Hospital (B-1106/129-008), Yonsei University Sever-
ance Hospital (4-2011-0163), Kangbuk Samsung Medical Cen-
ter (2011-01-076), Seoul St. Mary’s Hospital (KC110IM10441),
Gil Hospital (GIRBA2553), Eulji General Hospital (201105-01),
Chonnam National University Hospital (CNUH-2011-092), and
Pusan Paik Hospital (11-091) in 2011. This study was conducted
in accordance with the principles of the Declaration of Helsinki.
The protocol summary is also registered at the ClinicalTrials.
gov with accession number NCT01630486. Written informed
consent was obtained from all the subjects when they were en-
rolled.
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RESULTS

Baseline demographic and clinical characteristics of
enrolled participants

Two thousand two hundred thirty-eight subjects with CKD were
analyzed for baseline demographic and clinical characteristics
(Table 2). Mean age was 53.7 + 12.2 years, and 61.2% were men.
40.8% of the total subjects had completed the college-level edu-
cation. Current smokers comprised 15.7% (n = 349) and former
smokers 30.4% (n = 677). Coronary artery disease was preva-
lent in 5.3% of the total subjects. Peripheral artery disease and
cerebrovascular disease were prevalent in 3.5% and 6.0%, re-
spectively. Seven hundred fifty-five subjects (33.7%) were dia-
betic (either type 1 or type 2 diabetes). Mean systolic and dia-
stolic BPs were 127.8 + 16.2 mmHg and 77.0 + 11.1 mmHg, re-
spectively, 96.1% of the patients either had a history of hyper-
tension or was taking antihypertensive drugs. Mean body mass
index (BMI) was 24.6 + 3.4 kg/m* with 68% of total subjects be-
ing in the categories of overweight or obesity.

Mean eGFR calculated by MDRD, chronic kidney disease
epidemiology collaboration (CKD-EPI) creatinine equation,
and CKD-EPI cystatin equation for the cohort were 50.5 + 30.3
mL/min/1.73 m? 53.1 + 30.7 mL/min/1.73 m? and 52.6 + 32.4
mL/min/1.73 m? respectively. Mean cystatin C level was 1.76 +
0.92 mg/L. Mean proteinuria was 1,353 + 2,139 mg per 24 hours.

Baseline characteristics by specific cause of CKD

The baseline characteristics according to specific cause of CKD
were reported in Table 2. The patients were categorized into GN
(n =810, 36.2%), DN (n =519, 23.2%), HTN (n = 409, 18.3%),
PKD (n = 364, 16.3%), and unclassified cause (n = 136, 6.1%).
The proportion of men was higher in GN, DN, and HTN sub-
groups (GN, 55.7%; DN, 68.8%; HTN, 72.1%). Mean age was high-
est in HTN (59.6 + 10.8 years), and followed by DN (59.3 + 9.4
years), GN (49.8 + 12.1 years) and PKD (47.0 + 10.6 years). The
modified CCI was the highest in the patients with DN and low-
est in the GN and PKD subgroups. In particular, the prevalence
of cardiovascular comorbidities such as coronary artery diseas-
es, PVD, cerebrovascular disease, and congestive heart failure
were the highest in DN subgroup, respectively. The percentage
of advanced CKD (stage 4 and 5) was the highest in DN group
and the lowest in PKD. The level of albuminuria and protein-
uria were the highest in DN groups.

Baseline characteristics across CKD stages

Table 3 summarizes the baseline characteristics of the total par-
ticipants across CKD stages. CKD stages were categorized on
the basis of eGFR calculated by MDRD formula using IDMS-
calibrated creatinine level. The largest number of the partici-
pants were categorized in CKD stage 4 (n = 522, 23.3%). The
patients with advanced stages of CKD had a tendency to be old-

https://doi.org/10.3346/jkms.2017.32.2.221
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Table 2. Baseline demographic and clinical characteristics of KNOW-CKD participants according to specific cause of CKD

Total GN DN HTN PKD
LaLREReT A (n = 2,238) (n=810) (n=519) (n = 409) (n = 364) 2
Age, yr 537+ 122 49.8 +£ 1241 593 £ 94 59.6 £ 10.8 47.0 £ 10.6 <0.001*
Age (category), yr <0.001"
20t029 77 (3.4) 48 (5.9) 0(0.0) 3(0.7) 20 (5.5)
301039 248 (11.1) 110 (13.6) 18 (3.5) 25 (6.1) 79 (21.7)
401049 449 (20.1) 223 (27.5) 58 (11.2) 46 (11.2) 110 (30.2)
50t0 59 671 (30.0) 250 (30.9) 168 (32.4) 99 (24.2) 110 (30.2)
60 to 69 578 (25.8) 146( .0) 191 (36.8) 158 (38.6) 45 (12.4)
70t0 75 215 (9.6) 33 (4.1) 84 (16.2) 78 (19.1) 0(0.0)
Gender <0.0017
Male 1,369 (61.2) 451 (65.7) 357 (68.8) 295 (72.1) 184 (50.5)
Female 869 (38.8) 359 (44.3) 162 (31.2) 114(27.9) 180 (49.5)
Monthly income, KRW < 0.001"
< 1,500,000 367 (22.7) 103 (18.9) 112 (30.9) 72 (21.7) 45(17.3)
1,500,000 to 4,500,000 861 (53.1) 297 (54.5) 190 (52.3) 179 (53.9) 127 (48.8)
> 4,500,000 392 (24.2) 145 (26.6) 61 (16.8) 81 (24.4) 88 (33.9)
Educational attainment <0.001"
Illiteracy 5(0.8) 6(0.9) 1(0.2 5(1.4) 2(0.6)
Graduated elementary school 239 (10.8) 56 (8.0) 71 (16.0) 53 (14.7) 19 (5.6)
Graduated middle school 259 (11.7) 62 (8.9) 76 (17.2) 41 (11.4) 24 (7.0)
Graduated high school 785 (35.3) 268 (38.3) 145 (32.7) 110 (30.6) 98 (28.7)
Graduated college or more 906 (40.8) 308 (43.9) 150 (33.8) 151 (42.0) 198 (58.1)
Smoking <0.001"
Never smoker 1,202 (53.9) 478 (59.1) 240 (46.8) 183 (44.9) 228 (62.6)
Current smoker 349 (15.7) 115 (14.2) 84 (16.4) 71(17.4) 55 (15.1)
Former smoker 677 (30.4) 216 (26.7) 189 (36.8) 154 (37.7) 81 (22.3)
Comorbid disease
Coronary artery disease 118 (5.3 14(1.7) 60 (11.6) 32 (7.8) 2 (0.5 <0.0017
Peripheral vascular disease 78 (3.5) 13(1.6) 32 (6.2 20 (4.9 1(0.3 <0.0017
Cerebrovascular disease 135 (6.0) 19(2.3) 51(9.8) 38(9.3) 21(5.8) <0.0017
Diabetes 755 (33.7) 70 (8.6) 519 (100.0) 72 (17.6) 12 (3.3) <0.001"
Hypertension 2,150 (96.1) 785 (96.9) 13 (98.8) 407 (99.5) 314 (86.3) <0.001"
Congestive heart failure 34 (1.5) 7(0.9) 2(2.3 10 (2.4) 2(0.5) 0.025"
Arrhythmia 56 (2.5) 18 (2.2) 16 3.1 18 (4.4) 2(0.5) 0.006!
Age-adjusted modified CCI 23+ 1.6 15+£12 42+£09 24 +£12 11£12 < 0.001*
Age-adjusted modified CCl <0.001"
Low (< 3) 1,174 (52.5) 627 (77.4) 24 (4.6) 153 (37.4) 317 (87.1)
Moderate (4-5) 652 (29.1) 155 (19.1) 204 (39.3) 193 (47.2) 45(12.4)
High (6-7) 347 (15.5) 253.1) 242 (46.6) 56 (13.7) 2 (0.5
Very high (8-9) 65 (2.9) 3(0.4) 49 (9.4) 7(1.7) 0(0.0)
BMI, kg/m? 246 + 34 242 £33 252 £32 251 +£35 235 £ 3.0 <0.001*
BMI category, kg/m? <0.0017
< 18.5 (underweight) 54 (2.4) 27 (3.4) 5(1.0) 922 8(2.2)
18.5t0 22.9 (normal) 654 (29.6) 250 (31.4) 118 (23.0) 95 (23.5) 163 (44.8)
23.0to < 24.9 (overweight) 585 (26.4) 215 (27.0) 153 (29.8) 91 (22.5) 86 (23.6)
25.0t0 30.0 (obese I) 778 (35.2) 272 (34.2) 189 (36.8) 175 (43.2) 96 (26.4)
>30.0 (obese Il) 142 (6.4) 32 (4.0 49 (9.5) 35(8.6) 11 (3.0)
BP variables, mmHg
Systolic BP 127.8 £ 16.2 123.4 £ 14.2 134.3 £ 18.5 127.8 £ 15.9 128.3 £ 13.3 <0.001*
Diastolic BP 7.0 £ 111 75.6 £10.1 75.7 £11.7 777 £115 81.0 £ 10.4 <0.001*
Pulse pressure 50.8 £ 12.2 47.8 £10.6 585 £ 134 50.1 £11.3 473 £98 <0.001*
Creatinine, mg/dL 1.8 £ 141 16 +£1.0 24 £13 20£1.2 1.3+£09 <0.001*
Cystatin C, mg/L 1.76 £ 0.92 1.57 £ 0.85 227 £ 0.97 1.92 £ 0.85 1.30 £ 0.74 < 0.001*
eGFR, mL/min/1.73 m?
MDRD study equation 50.5 £ 30.3 56.9 £ 31.8 352 +£20.6 40.8 £21.2 68.1 £33.3 <0.001*
CKD-EPI creatinine equation 53.1 £30.7 60.1 £31.4 36.6 £21.9 423 £ 217 729 £329 <0.001*
CKD-EPI cystatin equation 52.6 £ 324 60.1 £+ 33.0 345219 421 + 231 74.0 £ 355 <0.001*
Urine protein/24 hr, mg/day 1,353 + 2,139 1,292 + 1,524 2,664 + 3,168 766 + 1,133 178 £ 256 <0.001*
ACEI or ARB therapy 1,907 (85.4) 726 (89.7) 448 (86.8) 333 (81.6) 285 (78.3) <0.001"

(continued to the next page)
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Table 2. Continued

Total aN DN HTN PKD
CRLEES 6 B (0 = 2,238) (n = 810) (n =519 (0 = 409) (n = 364) s
CKD stage <0.001"
Stage 1 265 (11.8) 131 (16.2) 13 2.5) 1127 94 (25.9)
Stage 2 #19(18.7) 180 (22.2) 4485) 48(11.7) 118 (32.4)
Stage 3a 403 (18.0) 163 (20.1) 72 (13.9) 95 (23.2) 52 (14.3)
Stage 3b 484 21.6) 158 (19.5) 131 (25.2) 112 (27.4) 45 (12.4)
Stage 4 522 (23.9) 138 (17.0) 198 (38.2) 118 (28.9) 42(115)
Stage 5 145 (6.5) 40 (4.9) 61 (1.9 25 (6.1) 13(3.6)

Values are mean £ SD or No. (%).

KNOW-CKD = KoreaN Cohort Study for Outcomes in Patients With Chronic Kidney Disease, SD = standard deviation, GN = glomerulonephritis, DN = diabetic nephropathy, HTN =

hypertensive nephropathy, PKD = polycystic kidney, KRW = South Korean Won rates, CCl =

Charlson comorbidity index, BMI = body mass index, BP = blood pressure, eGFR =

estimated glomerular filtration rate, MDRD = Modification of Diet in Renal Disease, CKD-EPI = chronic kidney disease epidemiology collaboration, ACEl = angiotensin convert-

ing enzyme inhibitor, ARB = angiotensin receptor blocker, CKD = chronic kidney disease.

*Pvalue evaluated by Kruskal-Wallis test; TP value evaluated by y? test; *P value evaluated by Fisher’s exact test.

er, or to have a lower income level and lower education attain-
ment in comparison with those with early CKD. The relation-
ships between advanced CKD and a higher prevalence of co-
morbidities including hypertension, diabetes, cerebrovascular
disease, peripheral vascular disease and congestive heart fail-
ure were also remarkable. Age-adjusted modified CCI tended
to be higher in advanced stages of CKD. Individuals with ad-
vanced CKD tended to have higher systolic BP and pulse pres-
sure. Among the CKD stage 1, 2, 3a, and 3b, GN was the most
common subgroup, while DN was the most common among
individuals with stage 4 and 5 CKD. There was increased amount
of albuminuria and proteinuria, with advanced stage of CKD.

DISCUSSION

As the first and largest-scale long-term CKD cohort study in Ko-
rea, the KNOW-CKD has been established with 2,238 Korean
CKD patients at stages 1 to 5 (predialysis). The KNOW-CKD study
will provide the key clinical information regarding the baseline
comorbidity, quality of life issues of CKD, socioeconomic dis-
parities related to CKD, progression of CKD, diverse complica-
tions including mineral bone disorder, anemia, and cardiovas-
cular complications, and adverse clinical outcomes of Asian CKD
population. Various biomarkers from the serum, and urine sam-
ples will also be sought for, as well as genomic and epigenetic
markers in order to identify the risk factors of adverse outcomes.

Particularly, the KNOW-CKD categorized the subjects into
four etiologic disease subgroups—GN, DN, HTN, and PKD, based
on the 4 most common etiologies of CKD in Korea. Other causes
of CKD or unknown etiologic diseases were categorized as “un-
classified” One of the aims of the KNOW-CKD study is to com-
pare the clinical courses and progression patterns of CKD be-
tween the four etiologic subgroups, the study oversampled HTN
and PKD in order to establish a cohort in which all the 4 etio-
logic disease subgroups are similar in size. While other major
CKD cohort studies dichotomized the total CKD patients into
diabetic and nondiabetic subgroups, (6,12,14), the KNOW-CKD
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study subdivided the total CKD into four major etiologic causes.

Unlike recently established CKD cohorts elsewhere (12,13),
the KNOW-CKD also comprises mild CKD patients at stages 1
and 2 (11.8% and 18.7%, respectively). Hence, unlike other co-
hort studies, it is relevant for the KNOW-CKD study to clarify
natural course and progression of the early stage CKD. We hope
that the KNOW-CKD will also elucidate how the mild CKD is
clinically different from the moderate-to-severe CKD population.

Approximately, among the individuals of the KNOW-CKD
cohort, 33.7% were diagnosed with diabetes (either type 1 or
type 2), and 96.1% were with hypertension. The prevalence of
diabetes and hypertension among the general population was
12.8% and 32.4% in men, 9.1% and 22.2% in women, respec-
tively, according to Korean National Health and Nutrition Ex-
amination Survey (https://knhanes.cdc.go.kr/knhanes/index.
do) in 2013. As expected, the prevalence of diabetes and hyper-
tension in patients with CKD was higher than the general Kore-
an population.

The baseline characteristics in KNOW-CKD are similar to
other CKD cohort studies, but several important differences
were observed. One of the major differences in baseline char-
acteristics between KNOW-CKD and other western cohort stud-
ies is the ethnicity. CRIC populations consist of 45% white, 46%
black, and 5% Hispanic (14), while the KNOW-CKD comprises
only ethnic Koreans. In a previous study conducted in the United
Kingdom, stage 3 CKD was less prevalent in South Asian groups
compared to whites and black groups, however, stage 4 and 5
CKD was higher than the whites (21). There is a lack of studies
regarding ethnicity and CKD prevalence. Therefore, the efforts
for investigating the relationships between ethnicity and clini-
cal course of CKD are warranted. The KNOW-CKD will provide
reliable information about Asian CKD populations.

Compared to CRIC study, male patients were more common
in Asian cohort studies (61.2% were male in KNOW-CKD, 62.1%
in Chronic Kidney Disease Japan Cohort [CKD-JAC], 54% in
CRIC) (12,14). The proportion of diabetes within the KNOW-
CKD and CRIC were 33.7% and 46.6%, respectively. It is well
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Table 3. Baseline demographic and clinical characteristics of KNOW-CKD participants according to CKD stages

CKD stage
Characteristics Stage 1 Stage 2 Stage 3a Stage 3b Stage 4 stage 5 P Pfor trend
(n = 265) (n=419) (n = 403) (n = 484) (n = 522) (n = 145)
Age, yr 432117 505117 549+117 56.7 £ 11 572 £ 111 557 £ 114 <0.001* < 0.001
Age (category), yr
2010 29 37 (14.0) 6(3.8) 8(2.0) 5(1.0) 9(1.7) 2(1.4) <0001  <0.001
3010 39 69 (26.0) 63 (15.0) 43 (10.7) 29 (6.0) 32 (6.1) 12 (8.3)
4010 49 74(27.9) 106 (25.3) 70 (17.4) 96 (19.8) 79 (15.1) 24 (16.6)
50 to 59 59 (22.3) 36 (32.5) 126 (31.3) 138 (28.5) 167 (32.0) 45 (31.0)
60 10 69 24(9.1) 80 (19.1) 115 (28.5) 150 (31.0) 160 (30.7) 49 (33.9)
701075 2(0.8) 8(4.3) 41 (10.2) 66 (13.6) 75 (14.4) 13(9.0)
Gender <0.0017 0.719
Male 127 (47.9) 277 (66.1) 276 (68.5) 307 (63.4) 314 (60.2) 68 (46.9
Female 138 (52.1) 142 (33.9) 127 (31.5) 177 (36.6) 208 (39.8) 77 (53.1)
Monthly income, KRW <0.0017
< 1,500,000 70 (27.9) 108 (26.7) 98 (25.0) 101 (21.5) 96 (18.9) 18 (12.8)
1,500,000 to 4,500,000 146 (58.2) 230 (56.9) 222 (56.6) 256 (54.5) 245 (48.1) 76 (53.9)
> 4,500,000 35(13.9) 66 (16.3) 72 (18.4) 113 (24.0) 168 (33.0) 47 (33.3)
Educational attainment <0.001"
lliteracy 1(0.4) 2(0.5) 3(0.7) 4(0.8) 4(0.8) 1(0.7)
Graduated elementary school 9(3.8) 26(7.2) 33(9.4) 56 (13.1) 67 (14.7) 22 (17.6)
Graduated middle school 198.1) 31(8.6) 30 (8.5) 61 (14.3) 64 (14.0) 17 (13.6)
Graduated high school 78(33.1) 103 (28.5) 113 (32.1) 150 (35.1) 160 (35.1) 49 (39.2)
Graduated college or more 129 (48.7) 199 (47.5) 173 (42.9) 156 (32.2) 161 (30.8) 36 (24.8)
Smoking <0.0017 0.009
Never smoker 173 (65.3) 226 (54.1) 194 (48.4) 253 (52.5) 271 (52.2) 85 (59.4)
Current smoker 42 (15.8) 69 (16.5) 78 (19.5) 66 (13.7) 76 (14.6) 18 (12.6)
Former smoker 50 (18.9) 123 (29.4) 129 (32.2) 163 (33.9) 172 (33.1) 40 (28.0)
Comorbid disease
Coronary artery disease 2(0.8) 10 (2.4) 17 (4.2) 336.9) 48(9.2) 8 (5.5) <0.001"  <0.001
Peripheral vascular disease 3(1.1) 7(1.7) 18 (4.5) 16 (3.3) 29 (5.6) 5(3.4) 0.006" 0.002
Cerebrovascular disease 6(2.3) 15(3.6) 28 (6.9) 32 (6.6) 45 (8.6) 9(6.2) 0.003" < 0.001
Diabetes 40 (15.1) 87 (20.8) 119 (29.5) 192 (39.7) 249 (47.7) 68 (46.9) <0.001"  <0.001
Hypertension 205 (84.9) 399 (95.2) 394 (97.9) 475 (98.1) 515 (98.7) 142 (97.9) <0.001"  <0.001
Congestive heart failure 1(0.4 2 (0.5 1(0.2 7(1.4) 19 (3.6) 4(2.8) 0.001* < 0.001
Arthythmia 5(1.9) 92.1) 112.7) 9(1.9) 19(3.6) 32.1) 0.498 0.157
Age-adjusted modified CCl < 0.001" < 0.001
Low (< 3) 257(97.00 352 (84.0) 186 (46.2) 176 (36.4) 155 (29.7) 48 (33.1)
Moderate (4-5) 7(2.6) 54 (12.9) 141 (35.0) 185 (38.2) 207 (39.7) 58 (40.0)
High (6-7) 1(0.4) 11 (2.6) 63 (15.6) 109 (22.5) 131 (25.1) 32 (22.1)
Very high (8-9) 0(0.0) 2 (0.5) 13(3.2) 14(2.9) 29 (5.6) 7(4.8)
Etiology of CKD <0.001" 0.011
GN 131 (49.4) 180 (43.0) 163 (40.4) 158 (32.6) 138 (26.4) 40 (27.6)
DN 13 (4.9) 44.(10.5) 72(17.9) 131 (27.1) 198 (37.9) 61 (42.1)
HTN 11(4.2) 48 (11.5) 95 (23.6) 112 (23.1) 118 (22.6) 25(17.2)
PKD 94 (35.5) 118 (28.2) 52 (12.9) 45(9.3) 42 (8.0) 13(9.0)
Unclassified 16 (6.0) 29 (6.9) 21 (5.2) 38(7.9) 26 (5.0) 6 (4.1)
BMI, kg/m? 242 + 3.8 246 £ 3.4 247 + 3.3 248 +£ 3.2 244 + 3.4 242 + 3.4 0.068* 0.838
BMI category, kg/m? 0.0841 0.949
< 18.5 (underweight) 8(3.0) 8(1.9 9(2.3) 8(1.7) 16 (3.1) 5(3.5)
18.5 t0 22.9 (normal) 97 (36.6) 123 (29.6) 103 (26.1) 120 (25.2) 164 (31.6) 47 (32.9)
23.010 < 24.9 (overweight 60 (22.6) 97 (23.4) 116 (29.4) 153 (32.1) 123 (23.7) 36 (25.2)
25.010 30.0 (obese |) 82 (30.9) 159 (38.3) 141 (35.8) 169 (35.4) 180 (34.7) 47 (32.9)
> 30.0 (obese Il) 18 (6.8) 28 (6.7) 25(6.3) 27 (5.7) 36 (6.9) 8(5.6)
BP variables, mmHg
Systolic BP 126.6 £ 143 126.4 £ 147 1265+ 157 126.8 £ 155 129.7 £17.6 1351 £ 20.0 < 0.001* < 0.001
Diastolic BP 786 £105 783+113 766+103 76.0+105 764+121 774+118 0.050" 0.003
Pulse pressure 480+ 104 481 +98 499 £ 123 508+ 122 534+128 577+ 148 < 0.001* < 0.001
Creatinine, mg/dL 0.7 £ 041 1.0+02 13+02 1.7+ 03 2.7+ 0.6 48+16 < 0.001* < 0.001
Cystatin C, mg/L 075014 102+020 133+022 177 £033 261 £052 3.86+0.71 < 0.001* < 0.001
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Table 3. Continued

CKD stage
Characteristics Stage 1 Stage 2 Stage 3a Stage 3b Stage 4 stage 5 P Pfor trend
(n = 265) (n=419) (n = 403) (n = 484) (n=522) (n=145)
eGFR, mL/min/1.73 m?
MDRD study equation 1109 £206 733+ 8.6 522 £ 4.3 373+ 42 231 £ 4.4 118+24 < 0.001* < 0.001
CKD-EPI creatinine equation 1109 £ 104 809 £+ 10.7 56 + 5.2 39.2 £ 4.8 23.7 £ 438 11.8+25 <0.001* < 0.001
CKD-EPI cystatin equation 1095+ 16.2 80.7+19.2 557+125 381102 22976 133132 < 0.001* < 0.001
Urine protein/24 hr, mg/day 621 + 1,084 753 £ 1,481 1,088 £ 1,814 1,338 &+ 1,927 2,062 + 2,645 2,717 £ 3,171 < 0.001* < 0.001
AGE! or ARB therapy 205 (77.4) 369 (88.3) 354 (88.3) 421 (87.2) 437 (83.9) 121 (84.0) 0.006"
Lipid profile, mg/dL
Total cholesterol 1853 £ 381 1795 £ 357 1733 +359 170.6 +£39.3 169.6 £ 423 1689 * 42.8 < 0.001* < 0.001
LDL cholesterol 107.3 £ 331 1023+ 305 965+304 923+302 927 +324 937344 < 0.001* < 0.001
HDL cholesterol 569 £ 156 526 £ 156 49.6 £ 141 472 £143 453 £ 147 453 % 16.6 < 0.001* < 0.001
Triglycerides 136.7 £ 86.6 1485 £ 84.3 158.1 £ 100.2 166.4 + 106.9 168.1 £ 107.7 150.7 £ 77.5 < 0.001* < 0.001
Hemoglobin, g/dL 140+15 141 £17 135 +19 127 +18 115+15 105+12 < 0.001* < 0.001
Serum calcium, mg/dL 9204 93+ 04 92+ 04 92+ 05 9.0x 05 85+ 0.8 < 0.001* < 0.001
Serum phosphorus, mg/dL 35+£05 35+£06 35%05 3.6 £0.6 39+£07 47 +0.8 < 0.001* < 0.001
iPTH, pg/mL 402 £ 174 430+ 211 51.9+297 61.6+£31.2 1047 £708 2408 + 2141 <0.001* < 0.001
25(0H)D, ng/mL 16.3 £ 64 185+ 74 18.8 £ 8.0 180+ 79 176 + 8.6 16.3 £ 8.3 < 0.001* 0.066

Values are mean £ SD or No. (%).

KNOW-CKD = KoreaN Cohort Study for Outcomes in Patients With Chronic Kidney Disease, SD = standard deviation, GN = glomerulonephritis, DN = diabetic nephropathy,
HTN = hypertensive nephropathy, PKD = polycystic kidney, KRW = South Korean Won rates, BMI = body mass index, CCl = Charlson comorbidity index, BP = blood pressure,
eGFR = estimated glomerular filtration rate, MDRD = Modification of Diet in Renal Disease, CKD-EPI = chronic kidney disease epidemiology collaboration, ACEl = angiotensin
converting enzyme inhibitor, ARB = angiotensin receptor blocker, CKD = chronic kidney disease, LDL = low-density lipoprotein, HDL = high-density lipoprotein, iPTH = intact

parathyroid hormone, 25(0H)D = 25-hydroxyvitamin D.

*Pvalue evaluated by Kruskal-Wallis test; TP value evaluated by 2 test; *P value evaluated by Fisher’s exact test.

known that obesity is 1 of the independent risk factors for CKD
progression (22-24). In the CRIC, the mean BMI of total sub-
jects (32.1 + 7.9 kg/m? vs. 24.6 + 3.4 kg/m?) and the proportion
of individuals with BMI > 25 kg/m® was higher than KNOW-
CKD participant (83.0% vs. 41.6%). The subjects in the CRIC
study are more obese and more likely to have diabetes at enroll-
ment than those in the KNOW-CKD.

When we compared the baseline characteristics with CKD-
JAC (12) which was conducted in Japan, the KNOW-CKD sub-
jects are younger (53.7 + 12.2 vs. 60.8 + 11.6 years) and the se-
rum creatinine level is lower (1.8 + 1.1 vs. 2.15 + 1.06 mg/dL).
eGFR was higher in Korean patients because of enrollment of
CKD stages 1 and 2 in KNOW-CKD cohort, compared with CKD-
JAC study which included only CKD stages from 3 to 5.

The age distribution was different among the 4 etiologic sub-
groups of CKD. Subjects in the GN or PKD subgroups were youn-
ger than DN and HTN subgroups. These two subgroups exhib-
ited lower comorbidity score such as coronary artery disease,
peripheral vascular disease, cerebrovascular disease, hyperten-
sion, diabetes, and congestive heart failure. The proportion of
current smokers was higher in DN and HTN group.

Since the KNOW-CKD includes only ethnic Korean CKD pop-
ulation, it cannot analyze the differences between various eth-
nic groups. As a hospital-based cohort, it included only patients
referred to nephrologists, which may be different from commu-
nity-based CKD population.

Planned long-term follow-up will be conducted and the ac-
curate information on the exposures and events will be captured
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prospectively. International collaborations with other cohort
study investigators such as CRIC, and CKD-JAC will be under-
taken in order to expand the size of the CKD population under
investigation, to facilitate scientific discovery and to generalize
the scientific findings by validating them in another ethnic groups.

To conclude, the KNOW-CKD cohort study will provide new
insights regarding the natural course and clinical outcomes of
CKD in Asian populations. Additionally, the knowledge discov-
ered from KNOW-CKD cohort study will help to find modifiable
factors for prevention of CKD progression and adverse outcomes.
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