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Association between urinary excretion of protein-bound uremic toxins and upper
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[Abstract] Objective:To investigate the relation between urinary excretion of protein-bound uremic toxins (PBUTs) and upper
urinary tract calculus. Methods-Residents aged 18—80 years in the community of Haitou, Danzhou city in Hainan Province were
recruited. Basic information and diet for the last 3 d of the subjects were recorded. Their fasting sera and 24-hour urine samples were
collected, and they also underwent ultrasound examination of kidneys and ureters. The subjects with upper urinary calculi detected
by ultrasound or a clear history of upper urinary calculi were selected as the calculus group, and the others as the non-calculus
group. The biochemical indicators related to the formation of calculus in blood and urine were detected, and the levels of PBUTs,
including indoxyl sufate (IS), indole-3-acetic acid (IAA), and p-cresol sulfate (PCS) in blood and urine, as well as oxalic acid and
citric acid in urine were detected by high-performance liquid chromatography. The related factors of upper urinary tract calculus
formation were analyzed by multivariate Logistic regression. The correlations of urine PBUTs with urine uric acid, oxalic acid, and
citric acid were analyzed by Spearman correlation test. Results- A total of 117 participants were screened out with 54 people in the
calculus group and 63 people in the non-calculus group. There were no significant differences between the two groups in terms of
gender, age, serum indicators, and prevalence of complications such as hypertension, diabetes, and hyperuricemia/gout. The 24-hour
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urine pH, calcium, uric acid, and chlorine in the calculus group were significantly higher than those in the non-calculus group

(all P<0.05), while IS was significantly lower than that in the non-calculus group (P<0.05). Multivariate Logistic regression analysis
showed that urinary IS (OR=0.929, 95%CI 0.875-0.986, P=0.016) was related to the calculus formation independently, in addition
to urinary calcium. The Spearman correlation analysis results showed that the levels of IAA (+=0.420, P=0.000) and PCS (»=0.307,

P=0.001) in 24-hour urine were positively correlated with oxalic acid, PCS was positively correlated with uric acid (»=0.297, P=
0.002), and IS was positively correlated with citric acid (»=0.289, P=0.002). Conclusion-In the population, a decrease in urinary
excretion of IS may be an independent risk factor for the formation of upper urinary tract calculus, and PBUTs levels are correlated

with levels of uric acid, oxalic acid, and citric acid.

[Key words] protein-bound uremic toxin (PBUT); upper urinary tract calculus; renal tubular secretion; indoxyl sufate (IS); indole-3-

acetic acid (IAA); p-cresol sulfate (PCS)
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Y ureter
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(male, > 7.1 mmol; female, >5.3 mmol)
Ecases
| 3 cases excluded:
Hepatic dysfunction

117 cases
| |
| Calculi group | | Non-calculi groupl
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Fig1 Screen flowchart of subject enrollment
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Tab 1 Comparison of characteristics on baseline between the populations with and without upper tract urinary calculi

Characteristic All
(n=117)
Male/n(%) 66 (56.4)
Agelyear 50.21+13.63
Hypertension/n(%) 34 (29.1)
Diabetes/n(%) 8(6.8)
Hyperuricemia/gout/n(%) 9(7.7)
Family history of upper tract urinary calculi/n(%) 11 (9.4)
Daily water intake/L 0.70+0.45
Meat to vegetable ratio/(g-g™") 0.52+0.18

22 i dlmlEgsmdlim. bR 24 K% PBUT L4
o5 LR AR 25 A 4L i YE A5 A bR, AL EE

PBUT, ZRHLGiHFE X (£2), 24[[ eGFR

24 h IR 2ZRINTLGITFE L. S5A4 24 h IR

®2 HOAMIELSRANMFRIERER

Calculi group Non-calculi group
(n=53) (n=63) P value
35 (64.8) 31(49.2) 0.090
51.72+10.33 48.90+15.89 0.267
18 (33.3) 16 (25.4) 0.346
5(9.3) 3(4.8) 0.337
6 (11.1) 3(4.8) 0.254
5(9.3) 6(9.5) 0.781
0.63+0.43 0.73+0.47 0.382
0.52+0.11 0.53+0.21 0.697

pHIE . . JRIRFE K05 TARS A4 (1
P<0.05), T IS K-V F AL TAESS A4l (P<0.05),
B2 IAA . PCS. MIBRIR . RIFR %KV 2 8] 2% 5+
¥igiitE g L (8R3),

Tab 2 Comparison of serum parameters between the populations with and without upper tract urinary calculi

S . All
erum parameter

1 il
Creatinine/(wmol-L™") 68.77+15.21
eGFR/[mL*(min-1.73 m?)™'] 95.67+17.67

Uric acid/(umol-L™") 351.27+96.75

Glucose/(mmol-L™) 5.52+2.32
Albumin/(g-L™") 43.2243.61
Potassium/(mmol-L™") 4.46+0.68
Sodium/(mmol-L™") 141.40+1.88
Chloride/(mmol-L™") 103.49+2.49
Calcium/(mmol-L™") 2.354+0.09
Phosphorus/(mmol-L™") 1.2640.58
Magnesium/(mmol-L™") 0.90+0.06

1S/(umol-L™) 1.40 (0.92, 2.25)

IAA/(pmol L™ 2.50 (1.91, 3.62)

PCS/(pmol-L™") 5.15(2.06, 12.06)

2.3 EIREEE B RS B K 93 B

K FH Logistic [l AR R G 1 1 PR 45 41 B A 56
B G B R B B &R Logistic 23 1 P<0.2 K LATE
WFoE R LIRSS AL R T BEfE R N R WA L FR
MR, A PE] . ARy . PR oK . e,
Mg, I, MES . B . MPRAER . LIS, JK pH.
PREF . R IREG . IRIER . RALEF. JRIS. JRIAA.

e
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Calculi group Non-calculi group

(n=54) (=63) Fvalue
70.15+13.39 67.59+16.63 0.366
94.11418.40 97.25£16.94 0.361

366.374113.93 338.33£77.79 0.130
5.29+1.13 5.7143.18 0318
43.29+4.12 43.1543.03 0.838
4364075 4.56+0.60 0.106
141.69+1.83 141.16+1.91 0.133
103.89+2.83 103.1442.13 0.107
2.33£0.09 2.36£0.09 0.083
1.33£0.85 1204021 0.290
0.90£0.06 0.90£0.07 0.803
1.40 (1.09, 2.70) 1.40 (0.78, 2.09) 0.306
2.35 (1.81, 3.30) 2.62 (1.94, 3.66) 0.567
5.10 (2.15, 10.05) 5.66 (195, 12.13) 0.971

PRPCS. PREFRFRAGIR . S50 K, LK E N
IR, 24 h JREEFIIR IS 5 1 BRI 45 A T BRI ik
SLAEOG (R’=0.603) . Hirb 24 h JRE5 4 F+ 5 1 mmol,
W E PR B 25 T8 KRS 5 m 1.5 % (OR=2.568,
95%CI 1.262~5.227, P=0.009); i 24 h JR IS 434
1 mmol 7 PAFEA 7.1% B - R 4% A T8 SRS (OR=
0.929, 95%CI0.875~0.986, P=0.016).
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Tab 3 Comparison of 24-hour urinary parameters between the populations with and without upper tract urinary calculi

24-hour urinary parameter

Urine volume/mL
pH
Potassium/mmol
Sodium/mmol
Chloride/mmol
Calcium/mmol
Phosphorus/mmol
Magnesium/mmol
Urea/mmol

Uric acid/mmol
Creatinine/pmol
UACR/(mg-g™")
IS/pmol
TAA/pmol
PCS/pmol

Oxalic acid/pwmol
Citric acid/pwmol

Urea creatinine ratio

All
(n=117)

1 400.7+600.1
6.16 (5.77, 6.54)
31.90+19.10
107.44453.00
115.08+57.43
3.49+1.81
17.43 (12.87, 21.98)
2.78+1.29
229.90 (171.70, 288.10)
2284.7+1 296.8
9316.443 989.1
7.57 (2.67, 12.46)
63.20 (18.67, 107.72)
34.65 (20.67, 48.62)
110.78 (71.88, 222.37)
0.154 (0.129, 0.295)
6.001 (3.098, 8.359)
28.6310.02
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Calculi group

Non-calculi group

(n=54) (=63) Fvalue
1495.3+736.4 1321.3+447.7 0.137
6.35 (6.04, 6.66) 6.01 (.61, 6.40) 0.010
34.8123.94 29.40+13.37 0.127
116.03+51.99 100.08453.15 0.104
129216271 102.97+49.88 0.013
3.89+1.81 3.15+1.74 0.027
17.41 (12.80, 19.17) 17.51 (11.70, 20.79) 0.870
2.93+1.20 2. 644135 0.239
240.60 (191.68, 289.51) 217.14 (153.66, 280.62) 0.241
2 648,61 549.0 1972.9+938.6 0.006
9.988.9+4 259.4 8 740,13 678.5 0.091
8.69 (3.93, 16.78) 7.07 (452, 10.41) 0.153
46.56 (35.95, 74.38) 83.39 (32.91, 97.33) 0.040
3732 (22.18, 55.34) 32.90 (26.63, 46.08) 0.754
117.58 (63.71, 265.36) 110.78 (78.83, 178.35) 0.593
0.121 (0.149, 0.254) 0.156 (0.123, 0.298) 0.068
5.443 (3.118, 7.495) 6.120 (3.081, 8.622) 0.743
27.67£7.93 29.44+11.52 0.344

2.4 JRPBUT SIRRER. IR, Kol K V-
V53 B
K H Spearman AH OCYERS 35 43 B7 24 h PRI PRI
R MR K5 3 Fh PBUT K (A 6 . 45
W, PCS HIRIR S EAM & (,=0.297, P=0.002),
IAA. PCS 5HRBIHZIEM K (IAA, r=0.420, P=
0.000; PCS, r=0.307, P=0.001). [a]f}, IS 5H)#%
MRt R IEAIE (7=0.289, P=0.002).
F4 24 nRET PBUT 5RE . EE8 SRR K THEL S

Tab 4 Correlation analysis between excretion levels of PBUTs

and uric acid, oxalic acid, and citric acid in 24-hour urine

IS] T1AA PCS
Urinary solute
r P value r P value r P value
Uric acid 0.031 0.739  0.142  0.234  0.297  0.002

Oxalic acid 0.143  0.123 0420  0.000  0.307  0.001
Citric acid 0.289  0.002  0.221 0.062  0.188  0.050

3 itig

ABEFERDE T L R4 A1 78 (9 PBUT 28 ¥ E
AR AR AT, IF HR BBRIRES AL, RIS K 5
EIREESS A PR B S ARG . R, JR PBUT 45 JR 5
M2 . JRIR . MR KP 77— ARG, 48R
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T A G o

AHIEFE X G2 N HE Y 1 IR B 5 A R R 36.0%
(136/378) , iy T3 [ S At [ G408 1) [ IR B 45 41
BOGR, 20104F, —R AGugidk W RiE, RE. &
KA. FEHEA . £ HHWE 20 BR RN 1.7%~
14.8%, JFHS IS T wimers ) s
R U TR B A A B RO RN 5.80%~7.54%, 1T
TR X (AN R4 ) (B 4 A R U B 8
T I B K F, ik 15.86%~17.84% "' . PARK
5 UL BRI ST SRR, PRSI R X B 5 0 PR R
SEOEIHIE . FEZHE RIS Y IRSR R
18.4 °CLA B, REERTFE 1 °C, MR RGE A KE
KBS 1.71%  (95%CI 1.02~2.41) . 1£ 55— 5 [
KEHX “ZEaw" Mrss " b s B g R,
4 Ml PRI T K G N8 5 4 A7 IR B 4 4 SRR
ARSI A . L, A ARG L IR B 45
SR TR E AR IRIE , PTAE S HE AR B
TR R AR S P L XA . IR IR R ) LR
SEETE R BRI N E T AR AR H koK
HOF 070 L, AT HUB PR I A5 A 1 s OK
(2L LA ) o I HazHh XA H R KRy 3 2K
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B RANF Y . R R ZEEEA N PBUT F 25id 1ot
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I AV A9 o] BEAS ]

BFgE 292 e, BRSSO LY 45 AR 2
—, PROFRR HE M AR S5 A B b K AR .
ARFFEE R Bon, PR HEM 5 R TAA Fil PCS HE
Wi A AE R ARG, Xk — 2B R T /NS i
D REAE PR FE R HE M it Fe vh R AR T . BUK HETX T
FTRHE ML N 8 N RE, R O A ST R
715 LR A o ) R 22 B /N 43 il . HOLMES
A 200 S5 T B /NG 30 T B A T IR R R 97 iy e e PR
YEM o FE S B4 A T RALE] b, B /N 2 W R R AR
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