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CKD-MBD in Korea

• Observational Study from
– Registry
– Cohort
– Cross sectional Study 

• Clinical trials 
• Basic research

• CKD-MBD National Guideline in Korea



Registry



Registry 

• Korean Society of Nephrology Registry for patients on RRT since 
1986
– CKD-MBD since 2012 

• Korea National Health and Nutrition Examination Survey (KNHANES) 
databases since 1998

– 1998~2005
– 10,000 persons in total in all 192 PSUs per year annual survey 

program by Korea Centers for Disease Control and Prevention 
(KCDC) since 2007 

– in the mobile examination centers since 2008 
– the computer-assisted personal interview system since 2013



Patient Number on RRT from KSN



Calcium & P (2012~2015) from KSN



PTH (2012~2015) from KSN





Associations between Renal Hyperfiltration
and Serum Alkaline Phosphatase

Oh SW, Han SY et al. Plos one 2015

• A retrospective observational study of the 21,308 adults in the Korea National Health and 
Nutrition Examination Survey IV-V databases (2008–2011) (KNHANES) was performed. 

• Renal hyperfiltration was defined as exceeding the age- and sex-specific 97.5th 
percentile. We divided participants into 4 groups according to their estimated glomerular 
filtration rate (eGFR): >120, 90–119, 60–89, and <60 mL/min/1.73 m2. 

• The participants with eGFR >120 mL/min/1.73 m2 showed the highest risk for MS, in the 
highest ALP quartiles (3.848, 95% CI, 1.876–7.892), compared to the lowest quartile. 

• Similarly, the highest risk for DM, in the highest ALP quartiles, was observed in 
participants with eGFR >120 ml/min/1.73 m2 (2.166, 95% CI, 1.084–4.329). 

• ALP quartiles were significantly associated with albuminuria in participants with eGFR ≥ 
60 ml/min/1.73m2. 

• The highest ALP quartile had a 1.631-fold risk elevation for albuminuria with adjustment 
of age and sex. (95% CI, 1.158-2.297, P = 0.005). 

• After adjustment, the highest ALP quartile had a 1.624-fold risk elevation, for renal 
hyperfiltration (95% CI, 1.204–2.192, P = 0.002).





Cohort study



Cohort study 

• CRC for ESRD 
– Prospective study consisted of dialysis patients enrolled 

from September 1, 2008, at 31 centers in Korea
– At least 20 years older,  excluded if KT within 3 mos

• Know CKD 
– 9 nephrology centers in major university hospitals 

throughout Korea will enroll approximately 2,450 adults 
with chronic kidney disease over a 5-year period from 
2011 to 2015. 

– The participating individuals will be monitored for 
approximately 10 years until death or until end-stage 
renal disease occurs.



Chronic Kidney Disease-Mineral Bone Disorder in Korean
Patients: a Report from the KoreaN Cohort Study for Outcomes 

in Patients With Chronic Kidney Disease (KNOW-CKD)
Kim CS, Kim SW et al. JKMS 2017

• Serum levels of FGF23, iPTH, 25-D, and 1,25-D; lumbar spine, 
total hip, and femur neck bone mineral densities and 
brachial-to-ankle pulse wave velocity (baPWV) measured at 
baseline for 2,238 CKD patients

• a decline in serum vitamin D levels was observed in early 
CKD stages before significant increases of FGF23 and iPTH in 
the Korean CKD population compared with that in Western 
populations. 

• Increased bone disease and vascular calcification occurred in 
early-stage CKD. 





A Real-world Cost-effectiveness Analysis of
Sevelamer vs. Calcium Acetate in Korean Dialysis Patients 

Cho JH, Kim YL et al, Clinical Therapeutics, 2017 

• Data (demographic, diagnostic, laboratory, and survival) from 4674 patients 
undergoing dialysis enrolled in a multicenter prospective cohort study 
conducted in South Korea between September 2008 and December 2012

• Data were linked to phosphate binder use, hospitalization, and cost data 
available from the Health Insurance Review and Assessment Service database.

• After propensity score matching, a dataset comprising comparable patients 
treated with either sevelamer(n = 501) or calcium acetate(n = 501) was used in 
the cost-effectiveness analysis. 

• A Markov model was used to estimate costs, life years, quality-adjusted life 
years (QALYs),and cost-effectiveness over each patient’s lifetime. 

• 40-mo treatment-specific overall survival(OS) data available from the dataset 
were extrapolated to lifetime survival with the use of regression analysis.



40-month treatment-specific overall survival 
from the Health Insurance Review and 
Assessment Service data base analysis 
(propensity score matched–patient population) 
extrapolated by using a Weibull regression 
analysis



Sex, Age, and the Association of Serum Phosphorus With
All-Cause Mortality in Adults With Normal Kidney Function

Yoo KD, Lee H et al. AJKD 2016

• Cohort included 138,735 individuals undergoing voluntary routine 
health checkups in 3 tertiary hospitals - one in 1995 to 2006 and 
two in 2003 to 2009.

• The study included 92,756 individuals. During a median follow-up 
of 75 months, 1,646 participants died. 

• In the overall population, higher serum phosphorus levels were an 
independent predictor for all-cause mortality after adjustment 
(adjusted HR for the highest vs lowest quartile, 1.34;95%CI, 1.15-
1.56;P<0.001).

• We observed that this increased risk was present in men but not in 
women (adjusted HR of 1.43 [95% CI, 1.22-1.68] vs 1.01 [95% CI, 
0.76-1.33]), but interaction by sex was not significant (P 5 0.8).





Cross sectional study



Serum calcium and phosphorus levels in patients 
undergoing maintenance hemodialysis: A multicentre

study in Korea
Kim GH, Kwon YJ et al, Kidney Research and Clinical Practice 2013

• Collected from a total of 1,018 patients undergoing 
MHD without intercurrent illness, in 17 hemodialysis 
centers throughout the country





Association between Vitamin D Deficiency and
Anemia in Patients with End-Stage Renal Disease:

A Cross-Sectional Study
Kim YL, Kang SW et al. Yonsei Med J 2016

• From medical records of 410 ESRD patients who had undergone 
renal transplantation (RTx) at Yonsei University Health System and 
who had 25(OH)D3 levels measured at the time of RTx

• Patients were divided into two groups based on baseline 25(OH)D3 
concentrations: group 1, 25(OH)D3 levels <10 ng/mL; and group 2, 
25(OH)D3 levels ≥10 ng/mL.



• Using multivariate regression models, 25(OH)D3, age, and erythrocyte-
stimulating agent (ESA) dose were found to be significantly associated 
with hemoglobin (Hb) levels [25(OH)D3: β=0.263, p<0.001; age: 
β=0.122, p=0.010; ESA dose: β=-0.069, p=0.005]. 

• Risk Factors for Developing Anemia (Hb <10 g/dL)



Clinical effects of pre-transplant serum 25-hydroxyvitamin 
D level on post-transplant immunologic and non-

immunologic outcomes in kidney transplant recipients
Ban TH, Chung BH et al. Transplantation Immunology 2016

• 174 KTRs with low immunologic risk at baseline. We divided 
the patients into three groups according to baseline serum 
25(OH)D level and compared the post-transplant clinical 
outcomes of acute rejection, infectious complications, and 
osteoporosis among the groups.

• Thirty cases of biopsy-proven acute rejection (BPAR) were 
detected during the first year after KT. In the highest tertile, 
the rate of acute rejection (8.6%) was significantly lower 
than that in the lowest tertile (25.4%) (p=0.016), and a high 
25(OH)D level was independently associated with a low 
incidence of BPAR inmultivariate analysis.





Asymptomatic hyperuricemia is independently
associated with coronary artery calcification in
the absence of overt coronary artery disease

A single-center cross-sectional study
Kim HW, Park HC et al. Medicine 2017 

• A total of 4188 individuals without prior coronary artery disease or 
urate-deposition disease were included. 

• All of the participants underwent multidetector computed tomography 
(MDCT) for the evaluation of coronary artery calcification (CAC) during 
their health check-ups. 

• The subjects were divided into thre groups according to CAC scores 
(group 1: 0; group 2: 1–299; group 3:≥300). 

• After controlling for other confounders, serum UA levels were found to 
be positively associated with increasing CAC scores (P=0.001). 

• Adjusted mean serum UA levels in each CAC group were estimated to 
be 5.2±0.1mg/dL, 5.3±0.1mg/dL, and 5.6±0.2mg/dL from groups 1, 2, 
and 3, respectively.





Low Dentin Matrix Protein 1 Is Associated With Incident
Cardiovascular Events in Peritoneal Dialysis Patients

Yoon CH, Yoo TH et al, JBMR 2016

• 223 prevalent peritoneal dialysis patients and divided them into high and low 
DMP1 groups according to log-transformed plasma DMP1 levels. 

• Lateral lumbar spine radiographs were used for measurement of vascular 
calcification. Major cardiovascular events were compared between the two 
groups. 

• A Cox proportional hazards analysis determined DMP1 was independently 
associated with cardiovascular outcomes.

• The multiple logistic regression analysis indicated that DMP1 levels were 
independently associated with the presence of vascular calcification after 
adjustment for multiple confounding factors (odds ratio=0.719; 95% confidence 
interval [CI] 0.522–0.989; p=0.043). During a mean follow-up duration of 34.6 
months, incident cardiovascular events were observed in 41 (18.4%) patients. A 
Kaplan-Meier plot showed that the low DMP1 group had a significantly higher 
rate of incident cardiovascular events compared with the high DMP1 group 
(log-rank test, p=0.026). In addition, multiple Cox analysis showed that low 
DMP1 was significantly associated with incident cardiovascular events (log 1 
increase: hazard ratio=0.855; 95% CI 0.743–0.984; p=0.029) after adjustment 
for multiple confounding factors.





Clinical trials 



Cinacalcet lowering of serum fibroblast growth
factor-23 concentration may be independent from
serum Ca, P, PTH and dose of active vitamin D in

peritoneal dialysis patients: a randomized
controlled study

Kim HJ, Oh KW et al. BMC nephrology 2013 

• Multicenter, open-labeled, randomized controlled study
• Overall, 66 peritoneal dialysis patients were enrolled

• Achievement of >30% reduction of iPTH from baseline NKF-
K/DOQI targets(primary) and FGF23 reduction (secondary).

• Randomly assigned to treatment with either cinacalcet + oral 
vitamin D (cinacalcet group, n = 33) or oral vitamin D alone 
(control group, n = 33) 

• a 4-week screening for vitamin D washout, a 12-week dose-
titration, and a 4-week assessment phases.



• Cinacalcet group received 30.2 ± 18.0 mg/day 
of cinacalcet and 0.13 ± 0.32 μg/d oral 
vitamin D (P < 0.001 vs. control with 0.27 ±
0.18 μg/d vitamin D). 

• The proportion of patients who reached the 
primary endpoint was not statistically 
different (48.5% vs. 51.5%, cinacalcet vs. 
control, P = 1.000). 

• After adjustment, cinacalcet treatment was 
independently associated with the serum 
FGF23 reduction.



Diameter of Parathyroid Glands Measured by Computed 
Tomography as a Predictive Indicator for Response to 

Cinacalcet in Dialysis Patients with Secondary 
Hyperparathyroidism

Hong YA, Kwon YJ et al. Kidney Blood Press Res 2015

• In study 1, we compared the predictive cutoff values of the largest volume or 
diameter of PTGs on ultrasonography or CT for achievement of target intact 
parathyroid hormone (iPTH) level according to K/DOQI guideline after 
cinacalcet treatment 26 patients in a single dialysis center.

• In study 2, the role of the cutoff diameter of PTGs on CT in predicting 
responsive to cinacalcet therapy was reevaluated in dialysis patients with SHPT 
in 82 patients in multiple centers.





National guideline 



Korean working group recommendations

• CKD stage 5D

• Global & local guidelines
• National reimbursement
• Expert opinions
• Korean Society of Nephrology Registry



Contents of Korean working group 
recommendations

• Measurement of serum Ca, P, and iPTH
– Consideration of dialysate Ca concentration

• Dietary P restriction
• Treatment of hyperphosphatemia

– P removal through dialysis
– Use of phosphate binders

• Treatment of secondary hyperparathyroidism
– Medical treatment

• VDRAs / Cinacalcet
• Selection of VDRAs and/or cinacalcet, based on the serum Ca 

levels 
– Serum Ca o 8.4 mg/dL / Serum Ca 8.4–9.0 mg/dL /Serum 

Ca 9.0–10.2 mg/dL / Serum Ca 4 10.2 mg/dL
– Surgical treatment



Target levels of Ca, P, & PTH

KDIGO method : 
Corrected total Ca (mg/dL) = measured Ca (mg/dL) +  0.8 x [4 – s-alb (g/dL)]
JSDT method :
Corrected total Ca (mg/dL) = measured Ca (mg/dL) +  [4 – s- albumin (g/dL)]



Korean working group recommendations: 
measurement frequency & ranges of
serum Ca, P, and PTH in CKD stage 5D



Web & App.



Summary of the treatment strategy for 
control of SHPT according to the level of 

serum Ca and P



Future plan

• QI for Korean Working Group Recommendations
– 2017 KSN 
– 1,000 pts in teaching hospital
– 6 mos – before and after recommendation

• Morbidity & mortality analysis for KSN Registry
– From 2012 to 2014
– Morbidity & mortality report until 2016
– Analysis 2017

• Reevaluate Korean Working Group Recommendations
– From 2018 to 2019



2017-06-23
REGPARA Luncheon Symposium, 12 

th Asian Pacific Congress of 
Nephrology


