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[ Abstract] Objective To investigate the correlation between preoperative free triiodothyronine ( FT3) to free thyroxine ( FT4)
(FT3/FT4) ratio and post-contrast acute kidney injury (PC-AKI) in the patients with acute coronary syndrome (ACS). Methods A
retrospective analysis was performed of the clinical data of 10101 ACS patients undergoing percutaneous coronary intervention (PCI) in
the General Hospital of Northern Theater Command from January 2016 to December 2017. The FT3/FT4 ratio was calculated based on
the laboratory tests, and the patients were divided into three groups according to the FT3/FT4 ratio: low FT3/FT4 group (FT3/FT4<
0.233, n=3152) ,intermediate FT3/FT4 group(0. 233 <FT3/FT4<0. 304, n=3636) , and high FT3/FT4 group (FT3/FT4=0. 304,
n=3313). The endpoint of the study was defined as the incidence of PC-AKI in the ACS patients undergoing PCI. SAS 9. 4 was used
for statistical analysis. Depending on data type, data comparison among three groups were performed by analysis of variance, Kruskal-
Wallis test or X* test. The correlation between preoperative FT3/FT4 ratio and the occurrence of PC-AKI was analyzed using restricted
cubic spline. Results There were statistically significant differences among the three groups in age, proportion of men, proportion of
hypertension, proportion of diabetes mellitus, history of previous PCI, smoking, left ventricular ejection fraction, hemoglobin level, FT3
and FT4 levels, proportion of radial artery approach, target vessel at the anterior descending branch, and intraoperative use of contrast

agent (P<0.05 for all). The incidence of PC-AKI was 2.95% (93/3152), 1.27% (46/3636), and 1.54% (51/3313) in the low,
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intermediate, and high FT3/FT4 group, respectively, and the differences were statistically significant ( P<0.001). Preoperative FT3/FT4
ratio and the incidence of PC-AKI in ACS patients showed a U-shaped relationship. Using the FT3/FT4 ratio of 0. 305 as the reference
value, the risk of PC-AKI tended to increase with either lower or higher FT3/FT4 ratios. Conclusion FT3/FT4 ratio is closely related
to the occurrence of PC-AKI in ACS patients, and the risk of PC-AKI increases with either lower or higher FT3/FT4 ratios.
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Table 1  Comparison of baseline characteristics of patients among three groups

Low FT3/FT4 Intermediate FT3/FT4 High FT3/FT4
Ttem Fx? P value
group(n=3152) group(n=3636) group(n= 3313)
Age(years, x+s) 62.57+10.26 60. 65+10. 15 59.10+£10. 16 94.006 <0.001
Male[ n( %) ] 2167(68.75) 2701(74.28) 2504(75.58) 43.110 <0.001
BMI(kg/m?, &+s) 25.90+16. 68 25.70+7.04 26.06+9. 04 0. 846 0.429
Hypertension[ n( %) ] 2051(65.07) 2230(61.33) 2002(60.43) 16.630 <0.001
Diabetes mellitus[ n( %) ] 1132(35.91) 1036(28.49) 906(27.35) 66.091  <0.001
Insulin treated diabetes mellitus[ n( %) | 482(15.29) 497(13.67) 446(13.46) 5.365 0.068
Prior MI[ n( %) ] 599(19.00) 723(19.88) 665(20.07) 1.331 0.514
Prior stroke[ n( %) ] 434(13.77) 435(11.96) 402(12.13) 5.906 0. 052
Prior PCI[ n( %) ] 770(24.43) 959(26.38) 918(27.71) 9.071 0.011
Smoking status[ n( %) ] 53.578 <0.001
Current smoking 1156(36.72) 1529(42.09) 1473(44.50)
Smoking cessation 535(16.99) 632(17.40) 582(17.58)
Never smoking 1457(46.28) 1472(40.52) 1255(37.92)
Type of coronary artery disease[ n( %) ] 102.823  <0.001
Unstable angina 1669(52.95) 2269(62.40) 2119(63.96)
NSTEMI 588(18.65) 580(15.95) 442(13.34)
STEMI 895(28.39) 787(21.64) 752(22.70)
LVEF( %, x+s) 57.55+9.58 59.44+8.50 59.46+8.41 56.586 <0.001
Hemoglobin(g/L, x+s) 135.55+15. 45 138.47+14. 64 139.56+14. 31 113.983  <0.001
FT3(pg/ml, x+s) 2.35+0.49 2.74+0.75 3.08+0. 61 1064.213  <0.001
FT4(ng/dl, x+s) 1.22+0.41 1.03+0.27 0.84+0. 16 1351.528 <0.001
Cr( pmol/L, x+s)
Preoperative 78.38+51.49 74.70+24.22 73.40+18.88 15.230 0. 001
Postoperative 74.70+51.23 69.98+23.70 69.17+18.78 32.142  <0.001
eGFR[ ml/(min - 1. 73m?) , i+s]
Preoperative 94.53+31. 64 98. 16+24. 46 100. 24+24.72 36.934 <0.001
Postoperative 100. 43+28. 21 106. 50+27. 08 107. 81+26. 88 66.786 <0.001
eGFR<60[ ml/(min + 1. 73m?) , n(%) ]
Preoperative 262(8.31) 193(5.31) 120(3.62) 67.748 <0.001
Postoperative 231(7.33) 150(4.13) 108(3.26) 64.363  <0.001

FT3. free triiodothyronine; FT4 . free thyroxine; BMI: body mass index; MI; myocardial infarction; PCI; percutaneous coronary intervention; NSTEMI;
non-ST-segment-elevation myocardial infarction; STEMI; ST-segment-elevation myocardial infarction; LVEF; left ventricular ejection fraction; Cr: creatinine;

eGFR; estimated glomerular filtration rate.
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Table 2 Comparison of angiographic characteristics of patients among three groups

Low FT3/FT4 group Intermediate FT3/FT4 High FT3/FT4 R
Ttem X°/F /H P value
(n=3152) group(n=3 636) group(n=3 313)
PPCI[n(%) ] 462(14.66) 385(10.59) 402(12.13) 26.037  <0.001
Radial PCI[n(%) ] 2941(93.31) 3444(94.72) 3165(95.53) 15.867  <0.001
Treated lesions[ n( %) ]
LM 268(8.65) 325(9.06) 270(8.24) 1.471 0.479
LAD 1773(57.19) 1991(55.51) 1923(58.66) 6.999 0.030
LCX 752(24.26) 839(23.39) 782(23.86) 0. 696 0. 706
RCA 1169(37.71) 1358(37.86) 1173(35.78) 3.807 0. 149
Number of target vessels(n, x+s) 1.20+0. 48 1. 18+0. 46 1. 19+0. 47 2.327 0. 098
Number of stents(n, x+s) 1.78+1.08 1.75+1.03 1.75+1.06 0.468 0. 626
Stent length(mm, x+s) 47.77+32.36 47.39+31.27 46.97+32.09 0.474 0.623
Stent diameter( mm, xs) 3.01+0.38 3.09+2. 66 3.05+0. 62 1.912 0. 148
Contrast agent dose[ ml, M(Q,, Q;)] 160. 00( 120. 00,200.00)  160. 00( 120. 00,200.00)  180.00( 130.00,220.00) 51.213  <0.001
SYNTAX score( points, x+s) 14.88+8.59 14.46+8.91 14.25+8. 31 3.458 0.032

PPCI: primary percutaneous coronary intervention; PCI: percutaneous coronary intervention; LM left main artery; LAD: left anterior descending artery;

LCX: left circumflex artery; RCA; right coronary artery.
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Figure 1  Correlation between FT3/FT4 ratio and
incidence of PC-AKI
FT3. free triiodothyronine; FT4: free thyroxine;

PC-AKI: post-contrast acute kidney injury.

PC-AKI J& 45 & T 1 59 & moxt He ) s =30 —
VR DIRE T BRI 25 A AE, H R 0 5 6 LAY B
BEPE DL KB O 0l 3 B 7 2E e B A oG, SR AR W,
PC-AKI AT REREL PCI ARJFFET B A MO UL L
BB D REAN A A R S 0 R A XU S s
1M ACS BEEHE BARENAIHERER B L
A 2RI BN ) AT, B i R 3 PCT AR
J& PC-AKI (iR XA H#L H 3R AL, 4T H i sk
Z PR PC-AKI B RGA T 15 i, B s | o b i
ok Az B AT AR HAA FEEL I IR X,

FEODR Bt Dy i I i 52 o 5 U 1 & M A BRI g
AL4E B /N BK R /NS T BE, I ] 42 52 o B I I
B ERHR IR A R AR R Rk
) FT4 AR FT3 207 S35 IR0 A0 & A
R AL LA B 4 PRAE T KU 388 i 1  — gy,
FT3 /K28 Ak B e 1 2 HIR AR 2R i A1 F AR 25 L
DS R R 25 1) = il PR O A I A £ o B 5

PRI, B — 33 R 48 A T B T 125 S B 3 S 17 FE AR R
ifeAs Ak, —AE B I I % B9 A BE b 4T Y (] Jit
PR AT RO W, 5 B S A FT3 FT4 KFAR L,
FT3/FT4 HAE 55 E D g AR S P s> BEfE:
R E & AL FT3 7K P2 w0 B & PCL KRG
KAz PC-AKI DR i8N R =544 1 2y 7. o0 i sz
R H A 8= AF 5T GE FT3/FT4 Lt 5
PC-AKI Z [ R R,

ABFFELE FARR  FT3/FT4 Wil 5 ACS 3% PCI
ARJG ) PC-AKI &£ B YIAH G, L& FT3/FT4
FEABRRAIR , PC-AKT & AE AU 835 T . /M) o L i
T PEAS LB P AR B — 2538, BRI ST IESE, SN A
A58 T T A 2 ) P ER R 2R 1) — LR R S R B Ak
IR FLRRAR A B I PR B I T R DR X
St I AR 56 FT3/FT4 LU AE 5 15 M 2% 22 [
[FREFETE—E B R K FT3/FT4 H (AR AR H B
VNG [ R AR AR B o R R A AT
BRAE T B RUBG B 5, PRI I T B B ) 52 B BOGE EL 3 A
BEMSE N, AN AR SR AR R KT FT3/FT4 B
WIS E] T PC-AKI KA R, 55 H R A |, vl g &
FT3/FT4 257K - () £ 2 Fo 5] FH 790 2 o g 4G,
YT UL R, ACS AT PCLIRYY A I 56 7 3
FT3/FT4 HAB K-, LAfE B i GG A ms 4 TR 3%
XFF FT3/FT4 KF-5k i sl AR i 3, LT MR
TR/ XoF L T FH 00 St 328 ) B P AU P % L 5
FAIPL R 3057 KACSE B IG 1 e , 1 — 25 B Ik PC-AKI
FR) 2 A XU

ARWFFAEAE R — o SR BR A% . (1) ASHI 58 2y [l Jist
PERFFE , N AR SE S HEBR TR A2 R R 45 S 52, vl fig
FELE—E W T 5 (2) A AR SR AL 3E — 20 iy W4
ST, I Sk T AR IR DI g 5 PC-AKI A9 AH G 1
HATIRAGHT

Zi b FT3/FT4 [U{H 5 ACS B3 PC-AKI %
YA K, s FT3/FT4 K T 5 8 B AR,
PC-AKI KA KB4 5 EF#ads, Bt i PR L iy X
FT3/FT4 K25 T — 5 19 ¢ 1, DI B 4 b 93 Bl
PC-AKI B &A=

[ &% k]

[1] Mettler FA Jr, Mahesh M, Bhargavan-Chatfield M, et al. Patient
exposure from radiologic and nuclear medicine procedures in the
United States: procedure volume and effective dose for the period
2006-2016[ J]. Radiology, 2020, 295(2) ; 418-427. DOI; 10.
1148/radiol. 2020192256.



- 250 -

PR IR EZGE 2034 A 28 H S5 2% 254 Chin ] Mult Organ Dis Elderly, Vol.22, No.4, Apr. 28, 2023

[2]

(5]

Mccullough PA, Choi JP, Feghali GA, et al. Contrast-induced
acute kidney injury[J]. J Am Coll Cardiol, 2016, 68(13) : 1465—
1473. DOI:; 10. 1016/]j. jacc. 2016. 05. 099.

Narula A, Mehran R, Weisz G, et al. Contrast-induced acute kidney
injury after primary percutaneous coronary intervention; results
from the HORIZONS-AMI substudy [ J]. Eur Heart J, 2014,
35(23) : 1533-1540. DOI: 10. 1093/ eurheartj/ehu063.
Mcdonald JS, Mcdonald RJ, Williamson EE, et al. Post-contrast
acute kidney injury in intensive care unit patients: a propensity
score-adjusted study[ J]. Intensive Care Med, 2017, 43(6) : 774~
784. DOI:; 10. 1007/s00134-017-4699-y.

Mariani LH, Berns JS. The renal manifestations of thyroid disease[J ].
J Am Soc Nephrol, 2012, 23 (1). 22-26. DOI. 10. 1681/
ASN. 2010070766.

Iglesias P, Bajo MA, Selgas R, et al. Thyroid dysfunction and
kidney disease: an update[ J]. Rev Endocr Metab Disord, 2017,
18(1): 131-144. DOI; 10. 1007/s11154-016-9395-7.
AR 2D IR A OB 2 4, PR EE 20
MRS RINERLL, POl E RS RmEE 2
LIk MAE N AL TS B LR SR R SR B I6 1 b
[EE KA1 (2021) [J]. HEOMAEHRAE, 2021, 49(10)
972-985. DOI:; 10. 3760/ cma. j. ¢cn112148-20210315-00224.
Interventional Cardiology Group of Chinese Society of Cardiology,
Macrovascular Group of Chinese Society of Cardiology, Editorial
Board of Chinese Journal of Cardiology. Chinese expert consensus on
management strategies for adverse events related to intra-arterial use of
iodine contrast media during cardiovascular intervention (2021)[J].
Chin J Cardiol, 2021, 49(10) : 972-985. DOI; 10. 3760/ cma. j.
¢n112148-20210315-00224.

Rhee CM. The interaction between thyroid and kidney disease: an
overview of the evidence[ J]. Curr Opin Endocrinol Diabetes Obes,
2016, 23(5) : 407-415. DOI:; 10. 1097/MED. 0000000000000275.
Schultheiss UT, Steinbrenner I, Nauck M, et al. Thyroid function,

renal events and mortality in chronic kidney disease patients: the

[10]

[11]

[12]

[13]

[14]

[15]

[16]

German Chronic Kidney Disease Study[ J]. Clin Kidney J, 2021,
14(3) : 959-968. DOI: 10. 1093/ ckj/sfaa052.

Shimizu Y, Kawashiri SY, Noguchi Y, et al. Associations among
ratio of free triiodothyronine to free thyroxine, chronic kidney
disease, and subclinical hypothyroidism[ J]. J Clin Med, 2022,
11(5) :1269. DOI: 10.3390/jem11051269.

Zhang Y, Chang Y, Ryu S, et al. Thyroid hormone levels and
incident chronic kidney disease in euthyroid individuals ; the Kangbuk
Samsung Health Study[J]. Int J Epidemiol, 2014, 43(5): 1624-
1632. DOL; 10. 1093/1je/ dyul26.

Yang S, Lai S, Wang Z, et al. Thyroid Feedback Quantile-based
Index correlates strongly to renal function in euthyroid individuals[ J].
Ann Med, 2021, 53 (1): 1945-1955. DOI. 10. 1080/07853890.
2021. 1993324.

Lin KY, Wang SY, Jiang H, et al. Negative association between
free triiodothyronine level and contrast-induced acute kidney injury in
patients undergoing primary percutaneous coronary intervention [ ] ].
BMC Nephrol, 2019, 20(1) : 201. DOI. 10. 1186/512882-019-1386-y.
Lin C, Lin K, Guo Y, et al. Low free triiodothyronine is associated
with contrast-induced acute kidney injury and long-term outcome in
elderly patients who underwent percutaneous coronary intervention [ J].
Anatol J Cardiol, 2019, 21(2): 60-67. DOI. 10. 14744/ Ana-
tolJCardiol. 2018. 38228.

Pappa T, Heydarpour M, Williams J, et al. The role of thyroid in
renovascular function: independent association of serum TSH with
renal plasma flow[ J]. J Clin Endocrinol Metab, 2021, 106(9) .
€3327-€3334. DOI; 10. 1210/ clinem/dgah390.

Zhang L, Wu Y, Nie Y, et al. The serum free triiodothyronine to
free thyroxine ratio as a potential prognostic biomarker of chronic
kidney disease in patients with glomerular crescents; a retrospective
study[J]. Front Endocrinol (Lausanne), 2022, 13: 977355. DOI:
10. 3389/ fendo. 2022. 977355.

(%#. BHA)



