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Application of Markov model in studying graded prognosis of chronic kidney disease
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[ABSTRACT] Objective: To evaluate the progression of chronic kidney disease (CKD) in CKD patients and to establish a
Markov model for graded prognosis of CKD. Methods: A total of 272 CKD patients were retrospectively investigated. A Markov
model consisting of six states (CKDI1 stage, CKD2 stage, CKD3 stage, CKD4 stage, CKD5 stage as well as death/ end-stage renal
disease [ESRD] stage) was established. Results: The mean follow-up period was 2. 0 years. Transition rates from CKDI1 stage to
CKD2 stage,from CKD2 stage to CKD3 stage, from CKD3 stage to CKD4 stage, from CKD4 stage to CKD5 stage and from
CKD5 stage to death/ESRD stage were 9. 2% /year,10. 9% /year,13. 2% /year,16. 1% /year,and 47. 1% /year, respectively. The
Markov model estimated that the mean duration of CKD1 stage, CKD2 stage, CKD3 stage, CKD4 stage, CKD5 stage and death/
ESRD stage in our cohort were 11. 1 years,7. 8 years,5. 4 years,2.5 years and 1. 0 years, respectively. The mean renal survival
time or dialysis free period was 27. 8 years. Conclusion: Evaluation of severity and the treatment of CKD patients should be done
according to the prognoses of CKD patients at different stages.
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Tab 1 Transition frequency matrix between

different stages of CKD patients

. . . . . - Dead/
Stage CKD1 CKD2 CKD3 CKD4 CKD5

ESRD
CKD1 194 20 3 0 0 1
CKD2 15 115 16 0 0 1
CKD3 2 9 67 12 0 1
CKD4 0 0 7 42 10 3
CKD5 0 0 0 1 8 8
Dead/ESRD 0 0 0 0 0 0
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Tab 2 Transition probability matrix between
different stages of CKD patients
Stage CKDI CKD2 CKD3 CKDi CKDs Dead/
g ESRD
CKD1 0.890 0.092 0.014 0 0 0. 004
CKD2 0.102 0.782 0.109 0 0 0.007
CKD3 0.022 0.099 0.736 0.132 0 0.011
CKD4 0 0 0.113 0.678 0.161 0.048
CKD5 0 0 0 0.059 0.471 0.471
Dead/ESRD 0 0 0 0 0 0

®3 RHILT CKD HEREWME
Tab 3 Transition probability at each observation

point of different stages of CKD patients

Time . . . N . Dead/
(year) CKD1 CKD2 CKD3 CKD4 CKD5 ESRD

0 0. 45 0. 26 0.16 0.10 0.03 0. 00

1 0.42 0. 26 0.17 0.09 0.03 0.02

2 0.41 0. 26 0.17 0.08 0. 04 0.05

3 0.39 0. 25 0.17 0.08 0.03 0.08

4 0. 37 0. 25 0.17 0.08 0.03 0. 10

5 0. 36 0. 24 0.17 0.07 0.03 0.13

6 0. 35 0. 24 0.16 0.07 0.03 0.15

7 0. 34 0.23 0.16 0.07 0.03 0.17

8 0.33 0.23 0.16 0.07 0.03 0.19

9 0.31 0.22 0.15 0.07 0.03 0.21

10 0. 30 0.22 0.15 0.07 0.03 0. 24

20 0.23 0.16 0.12 0.05 0.02 0.42

30 0.17 0.12 0.09 0. 04 0.02 0. 56

40 0.13 0.09 0.07 0.03 0.01 0.67

50 0.09 0.07 0.05 0.02 0.01 0.76

%* 4 Markov BAFI 5 T IR & F K E
Tab 4 Mean duration of different statuses of
Markov cohort analysis

g‘g:g Total CKDl1 CKD2 CKD3 CKD4 CKD5 gg}‘f{)
0 1.00 0. 45 0. 26 0.16 0.10 0.03 0. 00
1 0.98 0.42 0. 26 0.17 0.09 0.03 0. 00
2 0.95 0.41 0. 26 0.17 0.08 0.04 0. 00
3 0.92 0.39 0. 25 0.17 0.08 0.03 0. 00
4 0.90 0. 37 0. 25 0.17 0.08 0.03 0. 00
5 0. 87 0. 36 0. 24 0.17 0.07 0.03 0. 00
6 0. 85 0. 35 0. 24 0.16 0.07 0.03 0. 00
7 0.83 0. 34 0.23 0.16 0.07 0.03 0. 00
8 0. 81 0.33 0.23 0.16 0.07 0.03 0. 00
9 0.79 0.31 0.22 0.15 0.07 0.03 0. 00
10 0.76 0. 30 0.22 0.15 0.07 0.03 0. 00
20 0.58 0.23 0.16 0.12 0.05 0.02 0. 00
30 0.44 0.17 0.12 0.09 0. 04 0.02 0. 00
40 0.33 0.13 0.09 0.07 0.03 0.01 0. 00
50 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Total 27.81 11.09 7.79 5.43 2.48 1.02 0. 00
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