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[ Abstract] Cardiac troponin (c¢Tn) is one of the specific markers of myocyte damage. It is well
known that elevated ¢Tn level suggests acute myocardial infarction. In the last ten years, elevated ¢Tn was
found to be present in patients with diabetic kidney disease (DKD). Tt is generally accepted that the rela-
tionship between elevated ¢Tn and DKD is reciprocal or coexistent. Elevated serum concentrations of ¢Tn in
patients with DKD not only suggests subclinical myocardial injury, but also predicts early renal dysfunction.
Therefore, the detection of serum c¢Tn is useful for identifying high-risk patients with deteriorating renal func-
tion in the patients with DKD and enabling individualized interventions.

[ Key words] Diabetic kidney disease; Troponin; Myocardial infarction; Myocardial ischemia

Fund program ; National Natural Science Foundation of China (81473472) ; Tianjin Major Science and
Technology Projects (17ZXSCSY00060 )

DOI:10. 3760/ cma. j. issn. 1673-4157.2019.03. 013

DRI B IES R (DKD) S PR - & e W 1 ¢Tn 7KSF5 DKD G & B IE ik
QR R ™ B A MO I R IE 2 —, R R4 1 SEARR

30% ~40% " | BRI % (ESRD) 1y £ & cTn HA O —VE, 160 LA P
JER . DKD ik B e, o R S8 — B HR TR MUUUES 2 11 T(eTnl) O BLILAS A T
BRI E AR, TR T B AT (TnT) BGOSR L oTnT % oTnl
Wik o R 2B H ARt ESRDY i BTG, B, WA S RO LR
T4k DKD 3% B e PR R RS L N B . SERkRE" . BEAEXS oTn AOBFSY 32 B 4 b 75 SO
ULAERFFY % B, L35 O WUILES 85 11 () AR 95 SO JVEESE FIE 2 08 B (T2DM ) A 3G 48

LR AR &4, 1T HL5 DKD BE i B OiRE RIEAH B FBN (CKD) 2545487 . fof i 98 & 3L, DKD
S, ORCBEIR R I IR ERR A . B WS M oo ACEB IR, M ¢Tn KFTHE A

R T 4R

wEHE,

AL LA



[ B N 4 AR I 2 5 2019 4E 5 H 4539 %5 3 ] Tnt J Endocrinol Metab, May 2019, Vol. 39, No. 3 -+ 199 -

IR I R LB 7, T HLX DKD B85 19 ' 2 g
TR A, T RE A T L D RE AR
Frag
2 i cTnkKEHSE DKD Z BIRX R

TEIMLIE T KT 9 HE 2R 3l ik &E &1
NBE B RE DT AEIE R , B PR 9 £8 35 AR HA £
F M3 cTn KB 5, Gidding %5 78 0 I 2 2k
TR BIIKLE A A B PR AR TR AT B RTRE 1 BA 1)
IR, 2 34. 2% BOHE IR B8 3 AEAE LT <Tn 7K
FFE (=0.01 ng/L), Langsford%m] £ 1 157 #i]
CKD 35 (45 663 i) DKD &3 ) rh it 17 44 4
HBEVIIFSE 87, 5 HAth CKD 83540 kb, DKD i
FH B K0 Tal F1EHE K S il &0 K BT 14
(NT-proBNP) . Kim %" ¥ #fi [/ CKD AR (4%
519 f4i] DKD g3 ) H B9 F 58 & 3, DKD 1 i Bl
WS 2 1 (hsTnT) 7K F- 5 4k 5 0 5 /N BR O8 2 56
(eGFR) (P <0.001) F1JR A 8 H LEF R (ACR)
(P =0.001) B EH,

25 R, ML oTn 5 DKD B¢ R ] R
A 3 Ff . DKD 3 i fig 12 A0 e ik | il 28 R TR
N A DS R 31| I3 A =1 7 oy ol S
I RO IL407 , 51 T KT 5O AR i 457 A8
5B A A8 4T, ¢ Tn KSETHE 5 DKD [a] i
KA ;T K- Tt 55 ] B 5T DKD, H 48 7 0 LR
P U WS AR B SR D e Az g, ki B D ag Ak o
2.1 DKD 5;&I1i3%E ¢Tn K EF w5 Ll
2.1.1 5l E IS 1805 M2 DKD 1
KA B H 5, & DKD 5[ ¢Tn KT 09 1 2
&, S5HREEEMLL, DKD B H A8 ™ E
FBE IRACEHIZEEL, A S 7K HbALe, il E &
FihsTnT 5 HbAlc B Y4 % . — i, DKD B &
R MU AN o IR ] DA 2o 4 A0 P R
Aot i I M SR, TR O LR A0 B R R
AU 4E 22 JU I I [ | OB A B B U C R OE
DL S W S04 AL 2 7 W) 3G, 375 0 LA i
T2, S8 Tn KF-THE o 5 —J7 i, B IR
AR, O NN R RR B S AL LA B i %
WHEAALBE T FEAR , 200 LA M B I R A HERR, 51
AT AR PP 2R I 1 A mlad 22, 375 0 UL L 0
T2, 4 Tn HEA MBI, DKD % B EH
B IR A ZEL AT B MR AT, S 200 LAn
Mugg A, W00 LA M D g , 375 & I RO
FILAA B4 , DT T8 1003 T K™

2.1.2 g AT BRI & RE & DKD fy
B}, B 2 - A B 5k R -1 [ i 2R 58 (RAAS) (38
P2 250 (SNS) LU B RS A il o 5 S O WL 4
fEE N R RAAS BSOS & S B4 S
EWCHRFK AR ER B4 0o IR A7 far, 5% w0 AL A i
At TR TR 3G A A 38 L R 1 R R D B i 4%
RWG1L, FECONEF 4L L O LR S ; SNS 3 Ji
MATRENS S ECONE B B LR 2K 852 R 10 % B AN
SRR ARG 0o ULAH LA K, I L3 2o 16 I 28 ik Y
eIk , fE HE B AR I P SR B, 00 WLAR it
AN, AR e GORE E 5 S5 1) I L Ak )
FRRAE N R S EAS A TGV A%, WLBR MR Ca’* fiE
FI0EE , IR BF Na*-Ca®" 224 Na ™ -H " 52 e I fi i
15, LR B4 M Py Ca®* #2520 LI 46 77 AN
M, FEOOTIREAN A

2.1.3 5lESHFMLE Ef  DKD RET, &
B P AT N B DI Re B RS A 9Pk S S 8 2 A
BN KT, A 4L 2R 7 Bk R VIV,
5% I AT A 2 1 D U AT VR Tl DS )
FU-1IK-Fh g, A o 2 23780 27 5 Tl )5 S s 0 s 5
PR T 5 DL 7™ A s il AT ol I 5 R e i 2>
LA LE T —FMIRET 4l 2 R 5340, mlieik
AT AR EY A H EE AR, 518 i/ T e
T, af A R R A A A AR, 3 AR T B PR S 3K
O WERAE AR ZE O WLHE I AT, 51 k0o LA P
B

2.1.4 GIEFRMER  DKD HEH L — R &
Rz RE, vl 5 R AL AT R &R, S
Tz R A B RO L IS P D RE R (0 AL
KA B AR A B R BT B T O A, 5
o0 WLAN M SE A FEAE (R GEAb LS INRBE (5 1 3
cTn AKFTHE Y,

2.2 [fi% T KFFHE 5 DKD 347 &4 ks
kAL 2R G0 nT DL sh 2 98 15 TR s bk &R 45, 15 A2 0
LA i ) SR R BB R N o O U I 38 PR A o0 L
P, O R I 2 5 1 90 % o 1 B9 o MU i o 7855 2
FEERI R SR Ak, /NSRS R, Jy ki
g5, SO A i, 76 A0 A5 S P R RS, B 4 i A
B Dk IR TN B 4 000 A5 BE R . oM B D RE R A RN
RHCHT RS 15 R 2l Jk w008 A e i 1 32 2 A
SR R AL A o A B T B P Hellemons
SR\ A B S IR T BE 50 M R B I A
IRTIRERER R I A 6. e RSN, b



- 200 - [ B Yo R i 27 2019 4E 5 A4S 39 %55 3 ] Int J Endocrinol Metab, May 2019, Vol. 39, No. 3

FARZR =) TE PR AR 2 B H -
I C 3 BTG, 255 R T 1Z MU 4 9 M 2 g
FIN Bz ThRERRAs , AT 5 200E /INER I R B J5E | 2
FE I e B /INERASE AL Ao JULZ0 0 Fr de I, ke A P A
1 5 JB 5 BT 38 1 o 7 /N ER A 1R i R S A
T 553 i 05y 2 A 5 4 O B0 S 1 18 i 8 T
i EB0E D R AL R 5 FR B4 T [ 1A AT
UL R ; B4, A% o 28 B R 4 % A AR, 5
LS AR M , (i 2 2T 2 A P B A R , e 3
OME A 27, DT 2 160 U A9 6T 455 ) i Ay
Y,

At , DKD [ & A= FlC LA 45 3 3L A9 1L T
IRV 34 i L A e AR 5 | kS, — 3 Y R A AT RE 2
AT
2.3 cTn FHE RO, IF 7] 550 DKD 5 3
RERYFRE  DKD kA & EREZ N ZEH RS
S e LR 5 X T T e A R R 2 2
Selvin5 ™ et X AP EEHL 9 331 4% ARMH N I
HUHA S PR AR UEAT T 6 AF Y Bl 17, & BRI 7
hsTo'T KP4 8 5 735 S I A O LABE 453 , 33X o 463 493 76
PR 5 309 KR R s 01 B B, ST DKD A & A
Desai®: 48 /8 T DKD 8 2 1.0 WL 15 45 25
(hsTnT \NT-proBNP) 5 ESRD [ e 47 5%, ihfidlr
ORI E AR, cTn ZKF-THE S CKD B35 1)
Fe il R KRR D) RE R 44 2, O WE N 46 T g 2
04 AT 38 Aok 5 0 B U AL 9 3 R 28 P 0 U R T
O/ NERE I IIRE T,

BB oE B8 ,25% 1 T2DM J & e A A&
FRAIEBLT B B S D Re B 405, IR (& A RE
SEA WL hBE RS2 s oL . BT RS,
MATIFHRIR R O R G505 35 < Tn 58 75 B A F
DKD 3915 o fig il A #br b

Welsh 252 5% % BHL, hs TnT 14 NT-proBNPE
B R X IR T 1 A A8 8 T, 4R 1) 2 X DKD
(XU T . Bidadkosh % BfF 53 % B, 78 DKD i
&, hsTnT HX & NT-proBNP G % Fi Il 5 2y 58 IR .
HellemonsZ£ ™ B 5% % B, hsTnT 7] LA Fi il DKD £&
HEE AR R, Jenks 25 S 1 066 f6i] T2DM
B HEATREVT, AL BE TR A 6.7 4F, & B hsTnT
RERS T T2DM B 5 ' D RE SR , BE S 10 5 T B Ik
B 1 DR, S ASE 7 (1475 7T S0 S8 B (NRT) f 5Bk
3 16.3% (P =0.02) ,3F H W #E— 4 % B, hsTnT 7K
TR kAR 7E T2DM B Ih RE R 45 2 T

Galsgaard %5 5 900 f6i] 1 M bR B % 647 T 12
AERT , Horp 458 % & R DKD i 0F 58 1 R & B,
76 1 08 PR % A BE B hsTnT 1 DL 190 DKD f& 3%
eGFRIY TR, hsTnT K4 T4 1 4%, eGFR AR [
2.9 ml » min~" - (1.73 mz) -t

KT ¢Tn AT Ul DKD 8 2 5 2 he
TREHLE], Welsh 252 A0, 3% Tn X DI fE
o P T = 2 2 F T M R O A s 72 [T B
Az T WILZH 25 T iy B 4R A AR M g v, A
T2DM J& A= fof il 45 96 A8 15 o0 AL 40 A Ak 1 S o AR
Rt MRS, 25 5 & A= 35493 5 B, T K SF- T
S T2DM g i A8 22 , 9 BT R 8 A
7= Az, NI AT RETRN DKD f8 35 41 D RE R B .

H A58 A A, T o] fig 3 i 5 | 00 252 ) fig
BT L A 28 N - I VR S5 SF B2 ) B T R L AT
TN DI RE T B o 2400 UL HE B0 il P 453475 LA K.
R, RO N AT A8t BPE Tl 4R ik,
O R R ZE D REAZ 45 (0 Hin 5 7 34 30 ik O 1Y) 3
FRBEAR) , i DKD F8 35 AE7E ) 12 B0 Bl 1 5 s 22
JIE RAAS 1 555 S0 , 2338 0B IR 0 B B8 59 7
S I A I T 5 AR /NI R A I
IR, T2/ NER g D AE PR L B R
JE TG , 25005 SNS F1 RAAS, fR 25| 1 450k
a5 KA R, B2, R &Y sk ABR /NS K
Wi ER /NS K , 23 B/ INER 04 1E H 8L D AE , (H
H RN o3I R GE W RFSL TS , HLAAR B R AR AR
A, BUIfer A . OAT SRR SIS IR T
R B 23 [ B & A 00 JUE 0 U T B B, - L 0>
VA5 493 2 Jon 3k B G P 0 o PRI, 1LY T 32
LI 5 e B U L BN )2 DL R N O M R SR
T DB A 0L o

25 L, I oTn KPR S DKD BERT BB 6
SRR SCnT REIRI B & A i e B AR LS T 7K
SE-FH bk DKD 825 5 D) e i IR A B /e
3 RE

cTn A] A TN DKD £ 35 401 5 ) g ek iR
FIHAR S o LT T K- FH 838 i A7 7 Tk 2k
O DKD B o, AU R DKD B3 & 9F
O WU ST I PR AR A5 , T L L) ' T B i AR %) o ) 4
FHATREAE T IR AR 1, X T DKD B & 3 FA697
HAEENIESE AT IRKEINY DKD AR
R R R B AR Y v KURE A AR R A TR,
SRR XL



[ B N 4 AR I 2 5 2019 4E 5 H 4539 %5 3 ] Tnt J Endocrinol Metab, May 2019, Vol. 39, No. 3 - 201 -
02.005.
[16] Ghosh N,Katare R. Molecular mechanism of diabetic cardiomyop-

[1]

(2]

(3]

[4]

[5]

[6]

[7]

(8]

[9]

[12]

[13]

[14]

[15]

Z % x #

Han Q,Zhu H,Chen X, et al. Non-genetic mechanisms of diabetic
nephropathy[ J]. Front Med,2017,11 (3) :319-332. DOI: 10.
1007/s11684-017-0569-9.

Zhang L,Long J,Jiang W et al. Trends in chronic kidney disease
in China[ J]. N Engl J Med,2016,375(9) :905-906. DOI:10.
1056/NEJMc1602469.

Kanwar YS,Sun L, Xie P, et al. A glimpse of various pathogenetic
mechanisms of diabetic nephropathy[ J]. Annu Rev Pathol ,2011,
6:395-423. DOI:10. 1146/ annurev. pathol. 4. 110807. 092150.
Galsgaard J,Persson F,Hansen TW et al. Plasma high-sensitivity
troponin T predicts end-stage renal disease and cardiovascular
and all-cause mortality in patients with type 1 diabetes and dia-
betic nephropathy [ J]. Kidney Int,2017,92 (5) . 1242-1248.
DOI:10. 1016/]. kint. 2017. 04. 018.

Kimenai DM, Henry RM, van der Kallen CJ, et al. Direct compari-
son of clinical decision limits for cardiac troponin T and I[J].
Heart, 2016, 102 (8 ) : 610-616. DOI: 10. 1136/ heartjnl-2015-
308917.

Than MP, Aldous SJ, Troughton RW , et al. Detectable high-sensi-
tivity cardiac troponin within the population reference interval
conveys high 5-year cardiovascular risk: an Observational Study
[J]. Clin Chem, 2018, 64 (7):1044-1053. DOI; 10. 1373/
clinchem. 2017. 285700.

Biener M, Giannitsis E, Kuhner M, et al. Risk prediction in stable
cardiovascular disease using a high-sensitivity cardiac troponin T
singlebiomarker strategy compared to the ESC-SCORE[ J]. Open
Heart, 2018, 5 (1 ): e000710. DOI: 10. 1136/0penhrt-2017-
000710.

Ballew SH, Matsushita K. Cardiovascular risk prediction in CKD
[J]. Semin Nephrol,2018,38 (3):208-216. DOI: 10. 1016/]j.
semnephrol. 2018. 02. 002.

Swoboda PP, McDiarmid AK, Erhayiem B, et al. Diabetes melli-
tus, microalbuminuria, and subclinical cardiac disease: identifi-
cation and monitoring of individuals at risk of heart failure[ J]. J
Am Heart Assoc,2017,6(7) : pii: €005539. DOI:10. 1161/JA-
HA. 117.005539.

Giannitsis E,Katus HA. Cardiac troponin level elevations not re-
lated to acute coronary syndromes| J]. Nat Rev Cardiol,2013,10
(11) :623-634. DOI:10. 1038/nrcardio. 2013. 129.

Fioretto P, Avogaro A. Dapagliflozin ; potential beneficial effects in
the prevention and treatment of renal and cardiovascular compli-
cations in patients with type 2 diabetes [ J ]. Expert Opin
Pharmacother,2017,18(5) :517-527. DOI . 10. 1080/14656566.
2017. 1300253.

Gidding SS,Bacha F,Bjornstad P, et al. Cardiac biomarkers in youth
with type 2 diabetes mellitus; results from the TODAY study[J].
J Pediatr, 2018, 192 ; 86-92. €5. DOI: 10. 1016/j. jpeds. 2017.
09.012.

Langsford D, Tang M, Cheikh Hassan HI, et al. The association
between biomarker profiles, etiology of chronic kidney disease,
and mortality[ J]. Am J Nephrol,2017,45 (3) :226-234. DOI.
10. 1159/000454991.

Kim H, Yoo TH, Choi KH, et al. Baseline cardiovascular charac-
teristics of adult patients with chronic kidney disease from the Ko-
reaN Cohort Study for Outcomes in Patients With Chronic Kidney
Disease (KNOW-CKD) [J].J Korean Med Sci,2017,32(2):
231-239. DOI:10. 3346/ jkms. 2017.32.2.231.

Feldman EL,Nave KA ,Jensen TS, et al. New horizons in diabetic
neuropathy ; mechanisms, bioenergetics, and pain[ J]. Neuron,

2017,93(6) :1296-1313. DOI; 10. 1016/j. neuron. 2017.

[17]

[18]

[19]

[20]

[21]

(22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

athy and modulation of microRNA function by synthetic oligonu-
cleotides[ J ]. Cardiovasc Diabetol,2018,17 (1) :43. DOI: 10.
1186/512933-018-0684-1.
Schilling JD. The mitochondria in diabetic heart failure :from path-
ogenesis to therapeutic promise[ J]. Antioxid Redox Signal ,2015 ,
22(17) :1515-1526. DOI.10. 1089/ ars. 2015. 6294.
Galloway CA,Yoon Y. Mitochondrial dynamics in diabetic cardio-
myopathy[ J]. Antioxid Redox Signal ,2015,22(17) :1545-1562.
DOI:10. 1089/ ars. 2015. 6293.
Patney V, Chaudhary K, Whaley-Connell A. Treatment of diabetic
kidney disease with hypertension control and renin angiotensin
system inhibition[ J ]. Adv Chronic Kidney Dis,2018,25(2) .
158-165. DOI:10. 1053/j. ackd. 2017. 11.002.
King RJ, Grant PJ. Diabetes and cardiovascular disease : pathophys-
iology of a life-threatening epidemic[ J]. Herz,2016,41(3) ;184-
192. DOI:10. 1007/s00059-016-4414-8.
Di Lullo L, Bellasi A, Barbera Vet al. Pathophysiology of the car-
dio-renal syndromes types 1-5:an uptodate[ J ]. Indian Heart J,
2017,69(2) :255-265. DOI:10. 1016/j. ihj. 2017.01. 005.
Lee WS,Kim J. Diabetic cardiomyopathy: where we are and where
we are going[ J]. Korean J Intern Med,2017,32(3) :404421.
DOI:10. 3904 /kjim. 2016. 208.
Hellemons ME, Lambers Heerspink HJ , Gansevoort RT et al. High-
sensitivity troponin T predicts worsening of albuminuria in hyper-
tension ; results of a nestedcase-control study with confirmation in
diabetes[ J]. J Hypertens,2013,31(4) :805-812. DOI;10. 1097/
HJH. 0b013€32835eb5¢€8.
Felicio JS,Koury CC,Carvalho CT,et al. Present insights on car-
diomyopathy in diabetic patients[ J |. Curr Diabetes Rev,2016,12
(4) :384-395.
Selvin E,Lazo M, Chen Y, et al. Diabetes mellitus, prediabetes,
and incidence of subclinical myocardial damage[ J]. Circulation,
2014,130 (16 ) : 1374-1382. DOI. 10. 1161/CIRCULATIONA-
HA. 114.010815.
Desai AS, Toto R, Jarolim P, et al. Association between cardiac
biomarkers and the development of ESRD in patients with type
2diabetes mellitus, anemia, and CKD[J]. Am J Kidney Dis,
2011,58(5) :717-728. DOI;10. 1053/j. ajkd. 2011. 05. 020.
de Lemos JA,Drazner MH, Omland T, et al. Association of tropo-
nin T detected with a highly sensitive assay and cardiac structure
and mortality risk in the general population[ J]. JAMA ,2010,304
(22) :2503-2512. DOI;10. 1001/jama. 2010. 1768.
Umanath K, Lewis JB. Update on diabetic nephropathy: core cur-
riculum 2018 J]. Am J Kidney Dis,2018,71(6) :884-895. DOI .
10. 1053/j. ajkd. 2017. 10. 026.
Welsh P, Woodward M, Hillis GS, et al. Do cardiac biomarkers
NT-proBNP and hsTnT predict microvascular events in patients
with type 2 diabetes results from the ADVANCE trial [ J].
Diabetes Care,2014,37 (8):2202-2210. DOI: 10. 2337/dcl3-
2625.
Bidadkosh A, Lambooy SPH, Heerspink HJ , et al. Predictive prop-
erties of biomarkers GDF-15, NTproBNP, and hs-TnT for mor-
bidity and mortality in patients with type 2 diabetes with nephrop-
athy[ J]. Diabetes Care,2017,40 (6) :784-792. DOI. 10. 2337/
dcl6-2175.
Jenks SJ, Conway BR,McLachlan S, et al. Cardiovascular disease
biomarkers are associated with declining renal function in type 2
diabetes[ J ]. Diabetologia, 2017, 60 ( 8 ) ; 1400-1408. DOI.; 10.
1007/500125-017-4297-0.

(ks H 199:2018-07-31)

(A8 )



