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[Abstract] Objective To study the changes of serum metabolites in the patients with chronic kidney
disease osteoporosis ( CKD-OP) to provide the new biomarkers for the early diagnosis of CKD-OP.
Methods A total of 22 patients with definitely diagnosed CKD visiting in this hospital from April to Novem-
ber 2023 were selected as the study subjects,and 22 subjects with physical examination in this hospital at the
same period were included for conducting the control study. With the lumbar vertebral T value <<—2.5 as the
standard, the subjects were divided into the CKD-OP group (n=11),CKD non-OP group (CKD-NOP group,
n=11),simple osteoporosis group (OP group,n=11) and healthy control group (NC group,n=11). The lig-
uid chromatography-mass spectrometry (LLC-MS) coupling technique was used to analyze the differences in se-
rum metabolites among the four groups,the potential biomarkers of CKD-OP was screened,and the correla-
tion between the potential biomarkers with lumbar vertebra bone mineral density (BMD) ,serum bone-derived
alkaline phosphatase (BALP) and serum tartrate-resistant acid phosphatase-5b (TRACP-5b) was studied. Re-
sults With the receiver’s operating characteristic (ROC) curve’s area under curve (AUC) >>0. 9 as the con-
dition,and four potential biomarkers of CKD-OP were screened, which were phosphorylcholine,lysophosphati-

dylcholine (18 ¢ 2/0 : 0),capric acid,and allantoin respectively. Serum phosphorylcholine was positively corre-
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lated with lumbar vertebra BMD (r =0. 601, P<C0. 05) and negatively correlated with serum BALP and
TRACP-5b (r=—0.729,—0.623,P<C0.05). Serum allantoin was positively correlated with lumbar vertebra
BMD (r=0.483,P<C0.05) and negatively correlated with serum BALB (+=—0. 494, P<C0. 05). Serum lyso-
phosphatidylcholine (18 : 2/0 : 0) was positively correlated with lumbar vertebra BMD (» = 0. 640, P <<
0. 05) ,and negatively correlated with serum BALP and TRACP-5b (= —0. 628, —0. 548, P <C0. 05). Serum
capric acid was negatively correlated with lumbar vertebra BMD (r=—0. 444, P<0. 05) and positively corre-

lated with serum BALB (r=0. 587, P <C0. 05). Conclusion

The screened four endogenous potential biomarkers

provide the new research ideas for the early diagnosis and treatment efficacy monitoring of CKD-OP.
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A FRAED o B IR P 6k 1 85 2 i (bone-specific al-
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g e S L A PR B o N BT A R R W PR -5 b (tar-
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Fisher Cientific 2 %)) s Orbitrap Exploris 120 i %1%
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1.2.3 frARE LA

Ji G 2l RS @ F K 5 mL;20~25 C
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TW A KA 10 min, ¥ % 2 — 80 C {17 & M.
ELISA i 7 & & 0 i % BALP, TRACP-5b # ik K
T KRB 100 pL M AR A, ITA 400 pL 36 B
(HE : OHE=1: 1CV/V) L 32 BUR & R Z bR N
B s WA HETR 2T 30 s; KK HHE A 10 min; —40 C#f
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1.2.4 mEEHEE



2932

JIFA IS bR A 53 S B b 0 WOTR A 5 o 45 1)
FEm 3L 7 4 R IR 1. 2. 3 FRACR S 5 A By ki AT
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B WAHEIE A AN KAE, & 25 mmol/L £ g i
25 mmol/L Z /K. BH A LN, mAERE 4 C, i#
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I ED T HEAT — G RS R R
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2.2 4 #4843 BALP.TRACP-5b K -F W4k

4 13238 # 1% BALP, TRACP-5b % ik K F It
MESAGI%E X (P<0.05), 5§ CKD-OP 4%
It . NC 41 .0P 41 .CKD-NOP 41 ifil i BALP.TRACP-
5bAKEH AL, 22 F A G E R L (P<<0.05) ;5 OP
ZH%F I, NC 41 1% BALP. TRACP-5b /K B {i%, 2%
SR G L (P <0.05); 5 CKD-NOP 4 %f
. NC 41 3% TRACP-5b 7K F AR, 22 54 48 it 2
B X (P<0.05), W% 2,

1 4 4l R B #H R

NC 4

OP 4

CKD-NOP CKD-OP 4

TiH xX*/z P
m=11) (n=1D (n=1D) n=11)
B/ 2% /n) 4/7 5/6 3/8 2.288 0. 649
AR (s, %) 56. 4544, 06* 68.9145. 17 63. 9110, 09 69. 0044, 92 17.014 0. 001
BMI(z =5, kg/m®) 24,9743, 83 24, 862,76 24,0021, 76 26. 2472, 69 1.150 0. 341
eGFRx+s.mL * min~ '« (1.73 m®) '] 101. 5948, 27" 96. 66+6. 67™ 20.87+15. 24 30. 6214, 29 33. 620 <<0. 001
JEAE BMD(x &5 ,mg/ cm”) 139. 31421, 46* 69.294-20.70"  129.45424, 22° 69. 64--21. 20 32. 482 <£0. 001
*.P<0.05,5 OP 4 [£#;": P<<0. 05,5 CKD-NOP 41 [t%¢ ;¢ P<C0. 05,5 CKD-OP 4 [L %% .
*2 4 A1 BALP,TRACP-5b 7k E Eb 8 (2 )
i H NCH»n=11) OP H (n=11) CKD-NOP #l(n=11) CKD-OP 4l (n=11) H P
BALP(pug/L) 6.2541.16% 7.4641.06° 6.8474-1.50° 13.1844. 61 22.426  <C0.001
TRACP-5b(ng/L) 95. 54424, 94 125. 05431, 57° 134, 77439.73° 207.31483.71 18.731  <€0.001

“,P<C0.05,5 OP 4l % ;. P<<0. 05, 5 CKD-NOP 41 % ;. P<<0. 05,5 CKD-OP 41 Hh 4% .
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PLAN B R B fF e s LA . S5 R Bow, 2 Q°
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Bl <<0, KRBT G B R AT,
2.4 4 FERM T ML

PLVIP=>2,P<C0. 05 i % 4, X 45 41 |] 22 S AR 1
Pt Ay i 6 . 28 2 0 16 AR o HE S B 2 CKD-NOP
Y5 CKD-OP # A 21 A2 5, Hrh — 90
T VCACAE =3 43 I HEBR SN 12 24 0 AH S P AR =
A5 Tl Tl TR AR L I a0 A IR B AR (18 = 2/0 = 0) IR
PFE 3-EI-2-IRBERRN 72 CKD-OP 41 th % CKD-NOP
H TR TR ERYE CKD-OP 4+ % CKD-NOP 41
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A1 4 AR OPLSDA HiT&ER

x3 CKD-OP 85 CKD-NOP 4 |8 ) i1 i&

=ERREWILE
. CKD-NOP 4/
EERY rt VIP
CKD-OP 41

Tt T 1L 286.6  2.003  0.009 v
JR¥EEH 98.5 2.078  0.002 v
PRIMLBE RS EEAB 6% (18 = 130.0  2.237 <C0.001 v
2/0:0)

BB 26.2  2.087 <<0.001 A

3G F-2- WR g ) 122.7  2.005  0.003 v

v AR K T SR LA A AU K T S AT LB T

2.5 CKD-OP ¢4 EAMAFEY

VL% TAEHFE (receiver operating character-
istic, ROC) M1 £k i it £& '~ 1 #H (area under the curve,
AUC)>0. 9 R 26, ik i CKD-OP #y 4 Ff il 16 2E
Yibm &0 - 43 ) Ay ol R JIEL 6L 4 0 s TE IR B (18 = 2/
0:0) ZEMJRER, WK 4,
2.6 HAEAMITENSL EAME BMD,BALP, TRACP-
5b #4480 % 9 AT

4 CKD B34 I3 Hh mi ik AR B | R 42 25 L 7 1 8 g
PEARAE (18 = 2/0 + 0) B R £ ik K F 5 IEHE BMD,
BALP.TRACP-5b i#E47 48 514 43 B » 45 2 2R W1, 1L 7
Tl T E B 5 I ME BMID 52 1F A1 ¢ (P <C0. 05) , 5 IfiL 7
BALP.TRACP-5b £ fi A5 (P <C0. 05) ; Il 75 IR % &K
5 EME BMD 2 1F 40 6 (P <<0. 05), 5 17 BALP £
A & (P<C0. 05) , 51 i TRACP-5b J6 B I #H 3¢
(P>>0.05) ; il {5 % 108 A M6 AL AR (18 = 2/0 = 0) 5
HE BMD 2 iF # ¢ (P << 0. 05), 5 Ifl i BALP,
TRACP-5b &2 1 4 3¢ (P < 0. 05) 5 Ifil 1§ 25 W 5 1 #f:
BMD & 14 3¢ (P <<0. 05), 5 L7 BALP & 1F 4 5&
(P<20.05), 5 1% TRACP-5b JC B & AH 36 (P>
0.05), 0L 5,

x4 Mm%z FREWHM CKD-OP &

£k AUC 95%CI P

ol T 1L 0.917  0.782~1.000  0.009
R#FER 0.909  0.791~1.000  0.002
BN BEARA (18 = 2/0: 00 0.934  0.831~1.000 <C0.001
FE R 0.909  0.787~1.000 <<0.001

x5 BEEMIREY S EH BMD.BALP. TRACP-5b M X &5 47

JiE A BMD BALP TRACP-5b
gE|
r P r P r P
ol T L 0.601 0.003 —0.729 <<0.001 —0.623 0.002
PR HR 0.483 0.023 —0.494 0.019 —0.393 0.071
LB NE WEARAL (18 = 2/0 ¢ O) 0. 640 0.001 —0.628 0.002 —0.548 0.008
B 7 —0. 444 0.039 0.587 0.004 0.296 0.225
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b % BT, S 80 CKD-OP & 4F, 338 hn i 2 8 4 K
K. HET, 4T CKD-OP BYilfi K12 Wi Koy R EA 322
SRR IS | F R 55 MR R B bR R B AR
G A 45 7 vE AT VEAS L 1 CKD-OP %% WL &2 4%, 1%
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CKD B B SRS OL . (B8 57 b & i koK
A5 Ak R RE MR B CKD-OP 14 & i HL T, BL7F o 3t
CKD (35 B 37 55 41 5 45 J5 1Y 2% it A 45 21 30E 52 . 473
T AT E R AT,

R8T 4 2 2 B 5 40 AR 34 3% 30 7= W ) — S B 2
Oy SRR R AL S A S A 2 2 e
T A AR Z — T~ B &5 N ARG
e P= it AR 4 2 AT XL N BT AT N o AR
W= T M LR R R R R K LAY
FERRRAE 2R L 3B ad b A et B S A A 2 A G B
AT N BILIAR N AR 3 A8 Ab O B L 52 R0 S 9 O 1Y
EL A U A, UL, AW T LC-MS $ R Xt
CKD-OP 41 .CKD-NOP 41 .OP 41 .NC 4 i 3% 19 1. 3%
P A HEAT AR 0 1) £ 1 4L 2 40 A B o TG IR L PR
Z R MBEASHEARTL (18 = 2/0 + 0) ZEMR4E 4 Fh N B
PEAR = W 0] 4y CKD-OP B ¥ 76 4= Wy br 4, JE0F
5T H 5 CKD B % EHE BMD, i3 BALP 1 ifi 1%
TRACP-5b [ A1 1 .

B TR LA 2 Pl HE 6 i 14 9 BR 3k 5 41 1 fRL AT Y
JIFL TR AT 45 4 T 1 /N 43 e A A W 5 L s
CHRBA R D Y T A A0 8 i 7= gt e 1 L i 46 40 4
K1) 43 AL RN SR A O 4 T 2, HLA AR R RN
R TTRRAE . RICHTER 28 0F 58 2 1, I 25 Wl 9t E
A At T LR A 4 1) K 43 F Tl 3 5 o9 AT 010 S
BN P AR B RS T IR 7 AR S R AR R 1 b T )

FTHREF 2024 % 10 A% 53 55 194

AR A B TR T W R MR Y 4 Y &R (in-
terleukin, 1L)-18, TL-18 Ali@id [ RS EHEA K
¥ 2 FE Ak A A E WO B A0 b i 2 A Ok e
TR E 20 ML PR TR . I A B2 I LR T R Sy — b B S5
FAOG I /NPT W e HILAA 7 A S i S g . HLAAR I 1
Ak 1 M PR T 5% ~ 10 % 47t i Bt AH Bl 1
(RN BB R O LR R ERE B M R
PERRER M G1 PR T B UE 55 7 2l ik oks # 8 4k  b IR
g B PR DT A8 L RO P B M RIERES T BA
PRAP T OO e B ML A0 365 BT 28 L s 05 LT BRAE
T 20 R SR e o SR AR L B g R
AT ENTIRIT ) CKD [ 34 56 T2 % 5 Bt % 1k JIF A e
TROKF 2 AR . AHFTE 45 SR @R . CKD-OP 41
I O e A A K - 88 CKD-NOP 41 i % [ B
P JIE B K SF- 5 I AE BMD &2 1E A OC, 5 1 i BALP,
TRACP-5b 7K 5 A 5%, $2 78 CKD-OP 1 % i AL
il T BE 55 Tl 2 e AR AN A 9 R GEAH G L I 8 Al gk — 0
PRI HAE L]

PR 2EZ A Ry IR IR SR AR S I Y 32 22 7= 4, AT S e 4
B B P UK A BRI R T L IR R
BN A S E AL B A= W bs S W, T DL 2 5 LA YT R
R R 3. A 2 W50 3 W IR 28 3% 7618 v
JVES PR 55 o 22 408 5 O L ARE TR I B B T
1B B 45 50 o 0 26 3k KO S AR AR AR MA-
RZOOK %L1 6 Gy §i 1 5011 R 8B40 26 %1 1
PE SD 22 1% K LR AT B L & 30 PR 34 3R 7 o8 AR 3
At B 77 ThT B AT B A O 4 0 PR 44 3R AT AR 2 i A
S R ES S VR TR A5 A H 2 R0 PR R R e A
My se AT e . YRS AR fms™ BT B
B AV BE I £ 1) A 5 h A B, DR 2R AT g Ok R A
T Z RS K T-kB LR (receptor activator of nucle-
ar factor-kB ligand, RANKL) /H £ % (osteoprote-
gerin, OPG) i F% fie 1 0 15 200 M mi 2, f2 k15 348 & ik
fit. OPG B #ik S8l i i 4 il RANKL 547 T 8
2 A K LT A A0 P 3R T A% I F kB A2 RS AR

(receptor activator of nuclear factor-kB, RANK) 45 &

kA ) W H 40 A 4k . i Ah, RANKL/RANK/
OPG 38 B [7) & 7T 52 mia i 8 40 i 9 J2 . PONTES
ST B 3ot o 25 i A L I3 R R AR A 4 2R I B O
B, O B P E 2 AR A IV T PR A 3 KO R e D
HFEAR . ABFIE4E R B . CKD-OP 4 i 4 1 75 R 4
ZIK i CKD-NOP [ K. R 8 X 5 HE BMD 2
IEH G, 517 BLAP 2 A 56, $2 78 JR 28 &K 0l G
SUR IR el Rl IR RS RO S R (T
CKD HB# & i .

RIS AR BE AR (18 = 2/0 = 0) J2& 8 A 43 fe 10 14
B8 Z — . W I G BE AR SR [ B A A2 X8RS
Pk IEL i ) 22 i, 2 AR A 18 T A 8 R IR R 1 Y 3 B A
Ay FEIE R A FRACOE TR L I3 A I At A 7 A e
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ALY G 8 HRBECSZ R RN Toll £ 3Z (KM 45 & AT
TN RE . 7B S MR EE T o ¥ 1M B35 I 19 JIEL i ok o)
WO AT TR 45 6 5 R AL LS W B Z /R 8 11 4 (NOD-like
receptor family, pyrin domain-containing protein 4,
NLRCH) FZH R 45 6 55 R AL L5 0 BURE 52 4K & pyrin
2543835 3 (nucleotide-binding oligomerization do-
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