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The evaluation of urinary electrolyte excretion in patients with chronic kidney disease

SUN Liangin, NIE Guangyan, ZUO Chenyan, YUAN Yanggang, ZHANG Chengning, MAO Huijuan, XING
Changying,ZHANG Bo",DUAN Suyan’

Department of Nephrology ,the First Affiliated Hospital of Nanjing Medical University , Nanjing 210029, China

[Abstract] Objective: To investigate the characteristics of 24-hour urinary electrolyte excretion in non-dialysis patients with chronic
kidney disease (CKD)and its correlation with clinical parameters. Methods: A total of 752 patients with CKD from May 2017 to April
2019 were selected to retrospectively analyze the relationship between 24-hour urinary electrolytes and clinical indicators. Results:
Our results showed that there was no significant difference in urinary sodium or urinary potassium excretion in patients with different
stages of CKD1-4. However, urinary calcium and urinary phosphorus excretion decreased with the decline of glomerular filtration rate.
Besides, 24 - hour urinary sodium and urinary potassium were positively correlated with 24 - hour urine protein, regardless of the
complication of high blood pressure or diabetes. Meanwhile , 24 -hour urinary calcium was negatively correlated with 24 -hour urine
protein and 24-hour urinary phosphorus was showed no correlation with 24 -hour urine protein. The prevalence of hypertension and
cardiovascular disease in the low urine phosphorus group was higher than that in the high urine phosphorus group, the prevalence of
cardiovascular disease in the low urine calcium group was higher than that in the high urine calcium group, and the prevalence of
diabetes in the high urine potassium group was higher than that in the low urine potassium group. Conclusion: The level of urine
electrolyte in patients with CKD is associated with urine protein, the prevalence of hypertension, diabetes and cardiovascular diseases.
Its management deserves more attention.
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Bl LS T AT , 12 1 B IE (chronic kid-
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RAEWA G, CKD B3 14 B IR 35 7K H g 51
OB L By & A v LA, EL DR EMHEIESE ey £
PEPREE BRI A PR BN RS W PR 2
IS A I PRAE B3R YOG R PSR . ARBTSE B TE

A3 AIT CKD A [1) 4339 bR e e J5 %) Il 45 o5 B HEAH 56
I RS ][R 2%

1 X&RMFE

1.1 %

HHL2017 45 —20194F 4 H FRIGTERI R
B —BiHJm B2 e B N BHME BE iR YT HAE5Z 24 h R LR
B A B . MASRIE: OFF G 2012 48 [E br ' ik
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Improving Global Outcomes, KDIGO ) 45 Fj & X )
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(2009)"",
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SRR R T 25000, O 2555 B SNK EE AT 79 1
Feds, 7 ZASFF I U Kruskall-Wallis 76 56 9547 79
WO EEA . AR IR o A Es i AL ] EL B AR S 4k
K5, 43287 it (R 20 ] b0 P 2 R 6, 728 1) P A
FeM2K H Spearman AHE 3T, P < 0.05 25 HA
GitE .

2 # R

2.1 CKD &-H724 h jk ¥ fig Ji rb 4

AW LA A 752 1) CKD Hi &, 4F 1% (49.36+
16.43) %, Horp 56.3% h 35 1 5 & 9 & I 5 E
56.3% HEPRIE 5 H 21.1% , U I B0 o5 1L 16.4%
24 h JR 8N K (136.79 £70.87) mmol/d, 24 h JR B Jy
(32.39+13.92)mmol/d,24 h JRE5 4 (2.67+2.16)mmol/d,
24 h BR#E 9 (16.36+8.14 ) mmol/d.,

24 h JRANFIRERTE CKD 1~4 3 [8] (1045 e g it
229255 (P=0.717,P=0.239) ; Fifi#5 eGFR [ T %, JR 45
HE i 5 36 98 (P < 0.001) , CKD 2 5 3a ] .CKD
3b 5 4101 24 h RS G T 2422 5%, AL B B AE
GiiteF 225 (P <0.01); i eGFR 9 TR, IREEHE
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Figure 1 Comparison of urinary electrolyte in 24 hours of patients with different CKD stages
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524 h JREG 24 h JREEGFEAT, 4110 22 5 A o1t
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2.3 24 h BB RRT v 51k L AT I R AR AR g

FRAE 24 h JRENZKT , A8 BB E 4 DU 436 1550y
Q1(=<87.20 mmol/d) ,Q2(87.20~124.11 mmol/d) .Q3
(124.11~176.25 mmol/d) .Q4( > 176.25 mmol/d)4 £H ,
Q4 HHBE B PEA] .24 h JREE A .24 h JRAT 24 h JR
5 24 h PREEYI B, 1 Q1 4 iR AR AR, 4 1R]
MRS GI2EE Lo MULEF . eGFR | il FL 5 |
5 I SO PRI 4 B i 1) S8 95 28 S5 48 b 2 8] T
Gt (F£2),

FRAE 24 h JRAFIKSF- , A £ 5 F2 DU 436 3550y
Q1 (=<22.65 mmol/d) . Q2 (22.65~30.30 mmol/d) . Q3
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HRAE 24 h PREGIKF- , NGB 2 DU A0 i 53
Q1 (<1.065 mmol/d) . Q2 (1.065~2.160 mmol/d) . Q3
(2.160~3.755 mmol/d) . Q4 ( >3.755 mmol/d) 4 41 .
Q4 £HIMAS .24 h JREN .24 h REP .24 h JR WS O I
9o KR R A ey, T Q1 ZH A AR, AL ) ik 2 S A e it
SR, Q440 24 hRE I E R B KRR LA A
I, eGFR f i, M Q1 ZH MIGFAH I , 4 [A]E AR 22 A

*1 AEEEZFBARL CKD £2EIGFKIEIRILE

Table 1 Clinical characteristics and laboratory findings of patients with CKD according to the degree of proteinuria

(SR 24 hJREH < 3.5 ¢/d(n=571) 24 h JREH=3.5 g/d(n=181) Pl
B (%) 48.85 + 16.09 50.93 + 17.43 0.138
Hikn(%) ] 299(52.40) 124(68.50) <0.001
BMI(kg/m?) 24.57 +3.70 25.48 +3.92 0.005
Wi e (mmHg) 133.54 +20.12 141.19 + 23.68 <0.001
#75KkH (mmHg) 81.93 + 13.33 85.39 + 14.52 0.003
eGFR[mL/(min-1.73 m*) ] 79.10  33.60 71.53 +35.91 0.009
WL ( umol/L) 104.73 + 60.57 122.56 + 71.68 0.003
FHE M (g/L) 38.44 +5.85 24.43 +7.52 <0.001
H ¥ =8 (mmol/L) 1.61 £1.18 2.26 + 1.66 <0.001
S B T (mmol/L) 4776 £ 1.42 7.27 £3.23 <0.001
ML EE A (g/L) 127.69 +21.99 121.72 + 25.66 0.005
1% (mmol/L.) 139.79 + 2.65 140.50 + 3.04 0.002
1A (mmol/L.) 3.89 +0.43 3.89 £0.51 0.926
11145 (mmol/L) 2.21+0.13 1.99 £0.18 <0.001
1.8 (mmol/L) 1.19+0.21 1.24 £0.24 0.010
24 h RN (mmol/d ) 131.11 + 63.61 154.73 + 87.85 <0.001
24 h JREF (mmol/d) 31.93 + 14.33 33.89 +12.48 0.099
24 h JR45 (mmol/d) 2.89 +2.20 1.95 +1.83 <0.001
24 h hR# (mmol/d ) 16.73 + 7.90 15.18 £ 8.78 0.026
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Table 2 Clinical characteristics of patients with CKD according to quartiles of 24-hour urinary sodium

Q1(<87.20 mmol/d) Q2(87.20~124.11 mmol/d) Q3(124.11~176.25 mmol/d) Q4( >176.25 mmol/d)

A <%
Nt (n=189) (n=187) (n=188) (n=188) P
A () 50.48 £ 17.70 4770 £ 16.28 50.11+15.61 49.12 +16.05 0.360
BkEn(%)] 91(48.10) 92(49.20) 105(55.90) 135(71.80) <0.001
Wi (mmHg) 134.53 +22.06 133.19 +20.26 136.45 +21.78 137.35 +20.85 0.224
Pk (mmHg) 81.15+12.80 82.30 + 13.66 83.31+14.10 84.28 + 14.09 0.142
i n(%) ] 105(55.60) 105(56.10) 102(54.30) 111(59.00) 0.816
BEIRIE (%) ] 43(22.80) 33(17.60) 35(18.60) 48(25.50) 0.207
DA (%) ] 33(17.50) 26(13.90) 28(14.90) 36(19.10) 0.502
FIBRA (%) ] 18(9.50) 13(7.00) 7(3.70) 19(10.10) 0.078
ACEI/ARB[n(%) ] 61(32.30) 61(32.60) 63(33.50) 67(35.60) 0.901
24 hJREEH (g/d) 0.79(0.28,3.02) 0.81(0.26,2.22) 0.95(0.31,2.78) 2.14(0.60,5.60)  <0.001
eGFR[mL/(min+1.73m* ]  72.80 + 34.50 79.86 + 33.44 78.05 +36.14 78.46 +32.87 0.203
WL (pumol/L) 113.14 £ 64.16 102.77 £ 57.61 111.59 + 73.66 108.51 + 58.60 0.318
JRAR (pumol/L) 389.81 +124.91 377.82 +102.89 394.07 + 118.01 389.16 £106.35  0.550
144 (mmol/L) 139.70 +3.24 139.82 +2.67 140.20 + 2.40 140.11 +2.66 0.249
14 (mmol/L) 3.89+0.51 3.89+0.45 3.91+0.42 3.89 +£0.43 0.886
1155 (mmol/L) 2.15+0.18 2.16+0.16 2.18+0.17 2.14+0.17 0.061
I (mmol/L) 1.22+0.24 1.20+0.23 1.19+0.21 1.20+0.19 0.544
24 h FREA (mmol/d) 60.03 +19.50 107.30 £ 10.58 147.60 + 14.74 232.49+57.56  <0.001
24 h R (mmol/d) 2539+ 12.52 30.26 + 11.56 33.21+13.38 40.75+13.57  <0.001
24 h JR%5(mmol/d) 1.78 £1.74 2.54+1.83 278 +2.01 3.59+£2.57 <0.001
24 h JR# (mmol/d) 1274 +7.11 16.12 +7.05 16.98 +7.25 19.61 +9.44 <0.001

R3 24 hRFEME L%k LS CKD E& S WIGKRIEHR

Table 3 Clinical characteristics of patients with CKD according to quartiles of 24-hour urinary potassium

Q1(<22.65 mmol/d) Q2(22.65~30.30 mmol/d) Q3(30.30~39.10 mmol/d) Q4( >39.10 mmol/d)

IR (n=188) (n=189) (n=190) (n=185) P
AEIE () 49.03 + 17.71 49.44 + 16.40 49.63 + 15.49 49.32 + 16.19 0.988
(%) ] 95(50.50) 94(49.70) 115(60.50) 119(64.30) 0.007
W4 s (mmHg) 132.95 + 20.04 137.64 +22.90 136.513 + 21.38 134.41 + 20.49 0.140
#79k K (mmHg) 81.14 £ 12.75 82.72 + 14.03 84.26 + 14.07 82.90 + 13.82 0.177
L r(%) ] 100(53.20) 102(54.00) 110(57.90) 111(60.00) 0.497
BRI (%) ] 32(17.00) 31(16.40) 45(23.70) 51(27.60) 0.021
D MAEBE (%) ] 33(17.60) 26(13.80) 29(15.30) 35(18.90) 0.535
FIFRF [ n(%) ] 12(6.40) 11(5.80) 13(6.80) 21(11.40) 0.163
ACEI/ARB[n(%) ] 58(30.90) 53(28.00) 66(34.70) 75(40.50) 0.061
24 h JREH (g/d) 0.73(0.22,2.67) 1.04(0.37,2.81) 1.26(0.35,4.23) 1.25(0.50,3.58)  0.004
eGFR[mL/(min-1.73 m*)]  79.92 + 34.79 76.86 + 35.65 75.97 + 34.48 76.39 +32.27 0.673
FILEF ( wmol/L) 102.26 = 56.15 111.51 +71.86 113.74 + 68.65 108.47 + 56.85 0.331
JRI (mol/L) 382.52 + 121.34 386.10 + 118.66 387.54 +114.32 394.90 + 97.90 0.759
1fi4H (mmol/L) 140.08 + 2.83 140.01 + 2.93 139.91 +2.54 139.83 +2.76 0.831
IM#R (mmol/L) 3.78 £ 0.42 3.87 +0.40 3.98 + 0.49 3.94 +0.47 <0.001
1145 (mmol/L) 2.15+0.18 2.14 £0.16 2.15+0.18 2.20 +0.15 0.044
1% (mmol/L) 1.19 £ 0.24 1.18 £ 0.21 1.22+0.23 1.21 +0.19 0.194
24 h 4R (mmol/d) 93.14 + 47.71 125.30 + 56.07 150.33 + 67.19 178.98 £79.22  <0.001
24 h FEAH (mmol/d) 17.81 + 3.69 26.60 = 2.20 34.61 +2.45 50.87 £ 12.90  <0.001
24 h FRAE (mmol/d) 212+1.72 2.63 +2.09 2.80 £2.17 3.14 +2.48 <0.001

24 h FR# (mmol/d) 11.17 + 5.81 14.82 + 6.29 17.68 + 6.49 21.82+9.53 <0.001
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HRAE 24 h R#EIKE | AALER DU 53 7530
Q1 ( <10.6 mmol/d) , Q2 (10.6~15.5 mmol/d) , Q3
(15.5~20.8 mmol/d) ,Q4( >20.8 mmol/d)4 2. Q441

BB EF 5K R  eGFR M55 .24 h REK .24 h JK
B 24 h FRESHE bR, Q1 LA, L m) AR 22 5
GoiteEi S QAL LT | i i He B2oCo I/ 0 AR
o R IRAR, Q1 4 LR bR ¥ fi s, 21 0] A 25 53
BHIFREL(ES),

&4 24 hR{BMES AL CKD 2E& BTG A ISR

Table 4 Clinical characteristics of patients with CKD according to quartiles of 24-hour urinary calcium

Q1(<1.065 mmol/d) Q2(1.065~2.160 mmol/d) Q3(2.160~3.755 mmol/d) Q4( >3.755 mmol/d)

A (n=188) (n=190) (n=186) (n=188) P
(L) 53.40 + 17.31 49.54 £ 16.78 46.62 + 15.66 4783 +£1521  <0.001
BtEn(%) ] 113(60.10) 92(48.40) 112(60.20) 106(56.40) 0.070
W45 (mmHg) 136.97 + 21.25 134.82 + 22.01 134.28 +22.94 135.46 + 18.74 0.642
FF3KE (mmHg) 81.21 + 14.12 81.58 + 13.68 84.18 + 14.66 84.10 + 12.03 0.055
w2 (%) ] 121(64.40) 104(54.70) 94(50.50) 104(55.30) 0.052
BEIRIE (%) ] 50(26.60) 41(21.60) 29(15.60) 39(20.70) 0.078
LB [n(%) ] 38(20.20) 38(20.00) 27(14.50) 20(10.60) 0.031
FIRFN (%) ] 23(12.20) 14(7.40) 12(6.50) 8(4.30) 0.028
ACEI/ARB[n(%)] 71(37.80) 62(32.60) 51(27.40) 68(36.20) 0.152
24 h IR M (g/d) 2.30(0.71,6.12) 1.18(0.36,3.34) 0.77(0.26,2.92) 0.62(0.27,1.61)  <0.001
eGFR[mL/(min-1.73m?)]  54.06 + 32.27 72.92 +33.54 86.95 + 30.99 95352477  <0.001
AILEF (pumol/L) 151.92 £ 75.10 113.09 + 63.98 93.52 + 50.73 77.33 £30.40  <0.001
JRIR (pmol/L) 437.93 +123.33 394.66 + 110.44 369.73 + 110.31 348.35+86.95  <0.001
149 (mmol/L) 140.02 + 3.06 139.90 + 2.54 139.84 + 3.04 140.08 + 2.37 0.814
A (mmol/L) 4.06 + 0.54 3.94+0.42 3.80 + 0.41 3.78 £ 0.36 <0.001
145 (mmol/L) 2.09 +0.20 2.16 £ 0.10 2.19+0.15 2.21+0.15 <0.001
T (mmol/L) 1.24 +0.25 1.2+0.21 1.18 £ 0.21 1.19 £ 0.20 0.039
24 h RN (mmol/d) 104.96 + 59.48 130.75 + 63.03 147.95 + 72.84 163.69 + 73.91  <0.001
24 h JR4H (mmol/d) 30.74 + 15.88 31.43 + 13.03 32.21 +11.85 35.22 + 14.29 0.010
24 h R4 (mmol/d) 0.59 +0.26 1.57+0.32 2.86 + 0.45 5.68 £ 1.90 <0.001
24 h JR# (mmol/d) 11.98 + 6.08 15.04 £ 6.40 17.32 £7.39 21.10 + 9.42 <0.001

24 24hRWEBIRYE 24 h RE G LR
Spearman AH ST 7, 24 h BREN R EP S
24 h JR#E 5 1E A % (7.=0.157, P < 0.001 ; =0.158,
P <0.001),24 h JR45 5 24 h JR &K 1 2 A K
(r=-0.265,P < 0.001),24 h JR# 5 24 h R TS HH
K (r=—0.064, P=0.079) . 34k £ A T I K
BE R o2l AR IR, 24 h JREA RS 5 24 h
R4 1 5 F A % (7=0.128, P=0.020; r=0.201, P <
0.001),24 h [R5 5 24 h pREE 2 1A 5 (=-0.245,
P<0.001); E M ELH T, 24 h JREN .24 h R B 524 h
R 4 152 1E A 6 (7=0.178, P <0.001; r=0.121, P=
0.012),24 h JRE5 .24 h JRBE 5 24 h R 2R 1 2 A G
(r=—-0.270, P < 0.001 ; r=—0.100, P=0.040) ; I- W5 JR 5
A, 24 h JREN JRBF S 24 h R AR IEME =
0.141, P=0.001;r=0.128, P=0.002) ,24 h J& 45 5 24 h
JRZE 5 R 5 (7)== 0.254, P < 0.001) ; B J 5 40

24 h JREN JRAD 5 24 h JRE 5 IE A 2C (=
0.217, P=0.006;r=0.210, P=0.008) , 24 h X455 24 h
PREE R A (r=-0.285,P < 0.001, % 6) .

3o #

ARFFENT £ FhJE R T80 CKD AR # Hr i
TLAVR R RN S R B HEIEE CKD1~4 R I
Giitef2e 5t b eGFR 10 T B, PRAES 5 FRE (1) HEH
BT B, it EEEIFmIE B IR,
Spearman A1 RN , 24 h REN JRETS5 CKD &
24 hJREHEIEMK, 24 h JRE5 5 24 h IREH 2 7UM
0,24 h RS 24 h JREE A DGR (BRI 4H) .

4 CKD B B2k 2 T ke &
ESRD, 8 [ JRAE R R M 2 B0 22—, [ sl ekt
BEIIREREAL . ARG A CKD B35 B T hE
TRER RN 2 — R m AR R AE . A
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Table 5 Clinical characteristics of patients with CKD according to quartiles of 24-hour urinary phosphorus

B Q1(<10.6 mmol/d) Q2(10.6~15.5 mmol/d) Q3(15.5~20.8 mmol/d) Q4( > 20.8 mmol/d)
I RFE AR
(n=192) (n=188) (n=186) (n=186)
AR (L) 54.41 +17.29 51.07 + 15.98 47.54 + 15.43 4422 +1524  <0.001
HEn(%) ] 94(49.00) 100(53.20) 98(52.70) 131(70.40) 0.001
W4 (mmHg ) 136.23 +23.78 135.44 £ 21.83 134.02 + 20.01 135.82 £ 19.20 0.766
F5KH (mmHg) 79.94 + 13.24 82.39 + 13.82 82.06 = 13.40 86.75+13.53  <0.001
i (%) ] 107(55.70) 122(64.90) 96(51.60) 98(52.70) 0.040
BEIRIE (%) ] 45(23.40) 39(20.70) 38(20.40) 37(19.90) 0.836
LB [n(%) ] 49(25.50) 31(16.50) 26(14.00) 17(9.10) <0.001
FIRF [n(%) ] 17(8.90) 16(8.50) 14(7.50) 10(5.40) 0.579
ACEI/ARB[n(%) ] 56(29.20) 72(38.30) 63(33.90) 61(32.80) 0.306
24 h FREEH (g/d) 1.46(0.35,5.44) 1.07(0.30,2.74) 0.80(0.37,3.04) 0.98(0.30,2.76) 0.164
eGFR[mL/(min+1.73m*)]  65.61 = 36.91 71.93 +33.37 81.21 =33.53 90.82 +27.36  <0.001
WLEF( pumol/L) 126.96 + 72.92 115.58 + 66.08 104.06 + 65.65 88.82£38.92  <0.001
JRIZ (pumol/L) 389.07 + 119.84 388.57 + 120.57 374.35 + 116.03 398.89 + 94.15 0.08
T84 (mmol/L) 140.26 +3.27 139.88 + 3.02 139.95 +2.42 139.74 £ 2.17 0.139
I (mmol/L) 3.87 £ 0.50 3.9+ 0.44 3.95 +0.48 3.85+0.38 0.393
1145 (mmol/L) 2.11£0.19 2.16 £0.17 217 £0.16 2.20+0.15 <0.001
I8 (mmol/L) 1.19 + 0.23 1.18 £ 0.24 1.22 £0.20 1.22 £0.20 0.226
24 h JR4H (mmol/d) 105.79 + 59.70 130.34 + 63.57 143.77 + 64.52 168.34 £79.84  <0.001
24 h BRA (mmol/d) 24.13 + 10.43 30.19 + 10.82 34.85+11.50 40.72 £ 1651  <0.001
24 h JR4% (mmol/d) 1.65 + 1.40 220+ 1.76 2.66 + 1.87 422 +255 <0.001
24 h JR#% (mmol/d) 7.48 +2.55 13.08 + 1.38 17.95 + 1.56 27.24 + 6.60 <0.001
#*6 24hREBEEREREAEXELRE
Table 6 The correlation between 24-hour urine electrolyte and urine protein in patients with CKD
) 24 h JREA 24 h JREF 24 h JRE5 24 h JRE

24 hJREM i P r{f PAiE rfE P rfE P{a

JETEN 0.157 <0.001 0.158 <0.001 -0.265 <0.001 -0.064 0.079

A v M4 0.128 0.020 0.201 <0.001 -0.245 <0.001 -0.007 0.895

TR M ZH 0.178 <0.001 0.121 0.012 -0.270 <0.001 -0.100 0.040

AEWH R 4L 0.141 0.001 0.128 0.002 -0.254 <0.001 -0.058 0.158

BRI 0.217 0.006 0.210 0.008 -0.285 <0.001 -0.070 0.380
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