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[ ABSTRACT ]
diopulmonary exercise testing (CPET) for the risk of heart failure after acute myocardial infarction (AMI) , and to evaluate

Methods

Aim To investigate the predictive value of peak rate-pressure product (RPP peak) derived from car-
its role in risk stratification. This retrospective cohort study included AMI patients who underwent early
standardized symptom-limited cycle ergometer-based CPET between January 2018 and December 2023 at the Second Affilia-
ted Hospital of Harbin Medical University, Guangdong Provincial People’s Hospital, and Hegang People’s Hospital.  Pa-
tients were classified into heart failure after acute myocardial infarction ( Post-MI HF) and non-Post-MI HF groups based on
the occurrence of Post-MI HF.
and the risk of Post-MI HF.  Restricted cubic spline (RCS) analysis was applied to examine the dose-response relation-

ship between RPP peak and post-MI HF risk.

Cox proportional hazards regression was used to assess the association between RPP peak

Time-dependent receiver operating characteristic (ROC) curves were used
to evaluate the predictive performance of RPP peak.  For risk stratification, patients were categorized into tertiles (T1, T2
and T3) according to RPP peak levels.  Kaplan-Meier survival curves were constructed to compare cumulative event-free
survival across tertiles, and Cox regression analysis was further performed to quantify risk differences among groups.

Results
post-MI HF.
MI HF, with each one-unit increase in RPP peak associated with a 9% reduction in Post-MI HF risk (HR=0.914, 95% CI .
0.883 ~0.944, P<0.001).
0.978).

3-, and 5-year Post-MI HF compared with peak heart rate (HR peak) and peak systolic blood pressure (SBP peak) alone.

After applying inclusion and exclusion criteria, 2 221 AMI patients were included, among whom 237 developed
Cox regression analysis demonstrated that elevated RPP peak was an independent protective factor for Post-

RCS analysis indicated a linear association between RPP peak and Post-MI HF risk (P, =

nonlinear

ROC curves analysis showed that RPP peak achieved higher area under the curve (AUC) values for predicting 1-,

Kaplan-Meier analysis revealed a significant graded relationship between RPP peak tertiles and Post-MI HF risk ( Log-rank
P<0.001), with higher RPP peak levels associated with improved survival.
compared with the lowest tertile (T1), the risk of post-MI HF was significantly lower in T2 (HR=0. 488, 95% CI; 0. 363 ~
0.657, P<0.001) and T3 (HR=0.308, 95% CI. 0.219 ~0.434, P<0.001).
ent predictor of Post-MI HF and is linearly and inversely associated with Post-MI HF risk.

Further Cox regression analysis showed that,

Conclusions RPP peak is an independ-

These findings highlight the clin-

ical value of RPP peak for early risk assessment, prevention, and risk stratification in AMI patients.
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1 A—2023 12 A M A% REEMAFWES
“TER AEAREREBKTAREREZT
e B K E R IR 41 & CPET #y 3 172 4] AMI A&
%o MNFE:OF R B AML; Q4 # 18 ~ 80
2@ ERBEIEIRE 1 M AEZEHERE
R # & CPET, # Ik Ax v D4 b 8 2 8 %
CPET # X 4 HF; @ CPET i [ W & °F % %X % %
(peak respiratory exchange ratio, RER peak)<1.0;®
Bk B, RENHATE, KL FE 2221 F] AMI &
HINNAHBE S, AL BT R 36 A A (12 ~48 A
A)o AARGHTREERAEWMBEE — ERBE
% B 44 (KY2025-028)
1.2 IeRFERE

W BB X SN BE B BY I R R & TR B A
% M A A E 48 42 (body mass index, BMI) | f % &
JAMI KA ot F R AR MLE BB RO
by RO # A R 3 4 K AT K (N-terminal
pro-brain natriuretic peptide , NT-proBNP ) | & AL AL £5
& A I( cardiac troponin I,cTnl) | & 28 j 1t %% ( white
blood cell count, WBC) . 2T 48 A 1+ #% (red blood cell
count, RBC) . . 7 & & (‘hemoglobin, Hb) | L /N4 11
# (platelet count, PLT) | LB #% B ( creatine kinase,
CK) . i 7 AL BF ( serum creatinine , SCr) | 5 B Jit & 5%
(lactate dehydrogenase, LDH ) | % f& i #% ( fasting
blood glucose, FBG) . ifi. & & & ( blood urea nitrogen
BUN) | % 2 [E B (total cholesterol, TC) | H 1 = B
(triglyceride, TG ) | & % J& Ji§ & & JH [E B x (high
density lipoprotein cholesterol , HDLC) {& % & fig & &
fE [E B (low density lipoprotein cholesterol , LDLC) |
2B & % % B (alanine aminotransferase, ALT) | 7&
W F 477K B K A 12 (left ventricular end-diastolic di-
ameter, LVEDD) | 4t i1 % %% (ejection fraction, EF) %
BAE, BMI Wit E AR N HE (kg)/ & & (m)?,
AMI £ AR % 4 o0 AL 7L 7 2 LY a8
ST £ 45 & 2 & AL AE 38 ( ST-elevation myocardial in-
farction, STEMI) #1 4F ST £t 48 & & & ALAE 7L (non-
ST-elevation myocardial infarction, NSTEMI) , & i &
¥ e E AR RO A 8 AR AR B AE A
WOW MBI RHE, REE X AREAR
YEAT A o
1.3 WOAE BRI TR &

ABRMUNT Z K E UK G B AMI &4 CPET
BE TAEFHEERNAERE 1 M AEZ
5% % R R R # & CPET, fi# CPET iF 3 i &

BhEEWIHEARZBELRNFAHT Y, A
# CPET # & % % Fl RAMP 7 %, 4 2 # 3% 3 0147
ERTHRAGFERUS~ 12 E FEZKHK
F X MEREAFAME WA L RAERL L, &
ELESSEs RAEME CETRERE ARQ
WERE %, B REEAERAFEMLLER
U] 3% B4 T 48 A% 4n 14 {8 3% & (peak oxygen uptake,
VO, peak) A &/ = A8k & R E A (ventilatory
equivalent for carbon dioxide , VE/VCO, slope) VB AE K
4% JE (peak systolic blood pressure, SBP peak ) | I 18
47 5K JE (peak diastolic blood pressure, DBP peak) . 1§
{8 1% % (peak heart rate, HR peak) .RER peak #1148
WEE, VO, peak £ X HEZF &G 1 min ERE N
w15 s WA 30 s |AEFHMHE, VE/VCO,
slope HEZ TG EREHEWEBIELS — A K
HHEHAEE T EITHE B RPP peak &
X 4 (SBP peakxHR peak) /100,
1.4 BEHRSA

AT R L8 Post-MI HF & 34 % BE
T HF % 3 I # & #47 CPET ®] # K3 & A HF
Wy AMI B3 3 & HE, AMI B9 BT R % 4 R
N AR FE 8 R AT HF 8 % B R CP B
J F B A3 9T 45 % 2018) # AT B I 2
BeE 1.3.6 1 12 A A @ 3 3% 3 3 R 1 3t 4 2t
fTo MTHFALL FHEHL, F6 MA#T—K
Wi, A ¥ — F4E & RPP peak £ Post-MI HF R [&
2 A KRB K AEEF RPP peak B9 =
L E AT 3B AT 4 2, RPP peak <18.39 &
XA T #8,18. 39<RPP peak<22.33 & L T2 41,
RPP peak>22.33 & X % T3 41,
1.5 SFitZESH

FiR Sit oAt # it R4.3.2 B, EALA
MESZ T EH U xes R, KA ¢ B FHATH I
B, FESHANEL LT E U P AT o H
3k, KA Mann-Whitney U B 303 AT 8, K&
EUGI B E o R R X A% B Fisher 45 4
R FAT IR, KA Cox B JTE A SEAT 8 H £ o
A7 An 3R 2 B R B g K T AR AR AE (receiver
operating characteristic, ROC) # % i f& RPP peak 7&
AMI & # Post-MI HF JUR: # By FM 48, £ Ka-
plan-Meier 77 3% 14 # 2 2 4 77 oh % , I & il Log-rank
MBI #EAT B, R IR M S (re-
stricted cubic spline, RCS) #f — % £ & RPP peak 5
Post-MI HF X £ #y X B, Fr # 247 3 & B R A
% ,P<0.05 Bl A =R AR FEXL,
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2 # B

2.1 BEZHEBEE

AWEFE I A 2 221 ] AMIL &, A 237 1l
(10.7% ) B3 KA Post-MI HF , 4F-#% 57. 00 (50. 00,
63.00) %, HpBEME 1 611 1(72.5% ) , Lot 610 )
(27.5% ) ,STEMI & 1 507 4 (67.9% ), 5k
Post-MI HF 4 4 [t , Post-MI HF £H # # 4F i 07 K
(60.00 % [t 56.00 % ,P<0.001) ,STEMI (5 H 5 &
(80.6% I 66.3% , P <0.001), BMI 5k (P =

0.035) , = i IUAE B A8 A AV 71T v o He B il 2 v L £57)
B (¥ P<0.05) . Post-MI HF 4 #: 3% LVEDD i
FEWK, M EF B EFEL (¥ P<0.001), CK, CK-
MB ., ¢Tnl, NT-proBNP , FBG ., SCr. BUN, ALT, LDH ,
WBC K rp k7 4 3+ B0k - 35 8 3 T (35 P<
0.001) , £ CPET $8 45 J5 1, Post-MI HF 41 f& # 11
VO, peak .SBP peak ,DBP peak \HR peak ,RPP peak
FEE ) % 1 KT HE Post-MI HF 41, 1fii VE/VCO,
slope {8 55 (P<0.001 ;% 1) ,

% 1. Post-MI HF 4 53E Post-MI HF £ E#H LR

Table 1. Baseline characteristics of Post-MI HF and non-Post-MI HF patients

i H 4E Post-MI HF #H(n=1 984) Post-MI HF #H (n=237) P
38787 56.00(49.00,62.00) 60.00(53.00,68.00) <0.001
Lt/ B [ B(%) ] 535/1 449(27.0/73.0) 75/162(32.0/68.0) 0. 147
BMI/ (kg/m?*) 25.60(23.50,27.76) 25.00(23.40,27.30) 0.035
D UEFESEEL/ [ ] (% ) ] <0.001
NSTEMI 668(33.7) 46(19.4)
STEMI 1316(66.3) 191(80.6)
i RS/ [ B (% ) ] 918(46.3) 128(54.0) 0.029
R AE S/ [ (% ) ] 851(42.9) 81(34.2) 0.012
PRI L/ [ (% ) ] 456(23.0) 60(25.3) 0. 470
fig A s/ [ (% ) ] 141(7.1) 28(11.8) 0.014
Wz KR s/ [ (% ) ] 1 465(73.8) 168(70.9) 0.370
2B/ [ (% ) ]
] DT AR 1.955(98.5) 231(97.5) 0.330
FANEAE T 969(48.8) 135(57.0) 0.022
g Bt 999(50.4) 103(43.5) 0.053
B SZ MR 1224(61.7) 158(65.7) 0.155
ACEL/ARB 24§y 573(28.9) 83(35.0) 0. 060
LVEDD/mm 47.10(44.25,50.00) 49.70(46.60,54.00) <0.001
EF/% 61.00(58.00,63.00) 55.30(53.00,59.70) <0.001
LDH/(U/L) 292.50(190.00,500.00) 773.00(385.00,1 354.00) <0.001
PLT/(x10° L") 218.50(176.00,270.00) 229.00(180.00,279.00) 0.075
RBC/(x10” L) 4.77(4.30,5.15) 4.76(4.30,5.15) 0.942
WBC/(x10° L) 10.60(7.80,14.00) 12.30(9.00,15.80) <0.001
Hb/(g/L) 152.00(142.00,161.00) 151.00(138.00,160.00) 0.178
AR AR AL (x10° 1Y) 8.54(4.92,11.68) 10.10(6.58,13.29) <0.001
OIS (x10° L) 2.12(1.34,2.90) 2.15(1.40,2.86) 0.336
SCr/ ( wmol/L) 85.00(75.00,93.00) 86.00(77.00,99.00) 0.005
BUN/ ( mmol/L) 5.30(3.40,6.81) 6.19(4.29,7.89) <0.001
FBG/ (mmol/L) 6.63(5.25,8.87) 7.37(5.70,9.67) <0.001
TC/ ( mmol/L) 4.80(4.10,5.30) 4.66(4.10,5.30) 0.227
TG/ ( mmol/L) 1.22(0.93,1.76) 1.24(0.96,1.75) 0. 604
LDLC/ ( mmol/1) 3.01(2.47,3.54) 2.88(2.44,3.56) 0.581
HDLC/ ( mmol/L) 1.12(0.95,1.28) 1.12(0.96,1.30) 0.788
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I H F Post-MI HF 4 (n=1 984) Post-MI HF 4 (n=237) P
ALT/(U/L) 23.00(18.00,36.00) 31.00(20.00,57.00) <0.001
HEH/(g/L) 42.10(39.35,44.70) 41.40(39.20,44.30) 0.202
CK/(U/L) 261.00(96.00,1 017.00) 1 230.00(123.00,2 984.00) <0.001
CK-MB/( pg/L) 13.70(9.00,81.30) 134.50(17.50,292.20) <0.001
¢Tnl/ (ug/L) 10.96(5.38,31.00) 56.54(14.00,123.58) <0.001
NT-proBNP/ (ng/L) 433.00(157.00,873.00) 1 977.00(667.00,4 347.00) <0.001
VO, peak/[ mL/ (kg + min) ] 16.50(14.30,19.00) 13.60(11.60,15.90) <0.001
VE/VCO, slope 27.06(24.44,30.16) 30.27(27.53,34.70) <0.001
SBP peak/mmHg 168.00(151.50,185.00) 155.00(140.00,171.00) <0.001
HR peak/ ({X/min) 123.00(113.00,133.00) 115.00(107.00,130.00) <0.001
RPP peak 20.61(17.56,23.87) 17.97(17.64,21.45) <0.001
DBP peak/mmHg 89.00(79.00,98.00) 85.00(75.00,94.00) <0.001
W )R/ W 102.00(84.00,121.00) 83.00(65.00,104.00) <0.001
RER peak 1.11(1.05,1.17) 1.06(1.02,1.14) <0.001

 : ACEI: Ifil B 57K 2 5L W B 177 ( angiotensin converting enzyme inhibitor) ; ARB ; Ifil B 57K & Z /A 5517 ( angiotensin receptor blocker) .

2.2  RPP peak 5 Post-MI HF B Cox EV3 447

Cox [T/ 745 5 /R RPP peak 5 AMI f ¥4
1Y Post-MI HF J& Ak XU 75 5. X 22 F0 22 A R A AL vh
P B AR 6 (1 P<0.001;382) . 7EARJERAT
IR R R Z 53 HrH  RPP peak BT+ —1
AT, Post-MI HF [ & A= KB B AR 11% (HR =
0. 888,95% CI0. 860 ~0.916,P<0.001), 1E&
VIR AN K5, RPP peak BYLRIRLN AR B3 .
RO 1 (JE AR PR BMI LG LR AE 27 )
HR 9 0.894(95% CI;0. 866 ~0. 923, P<0.001) ; %
J&%| RPP peak H HR peak F11 SBP peak 11513k ,
FELAS B i — S g A B 2 1A BT 751 48 P 1S
190 R e M S AT R L DA ) AT R S 0 228 R L
FERON IR 2 R &R, #E LIRSS, RPP peak 5
Post-MI HF KU (1) 171 AH G OC R A PR R FR g, A A 2
(iHE—2B R i s | o B IRURE W8 R 0 I B A2 Ak
RELYE 500 {5 ) A HR M 0.895 (95% CI. 0.867 ~
0.924,P<0.001) ; 7 fe &1 3 (3 — 2L % EF
LVEDD NT-proBNP A ¢Tnl) 1 RPP peak FEA R
Post-MI HF 7l 57 A 9 [ & ( HR =0.914,95% CI .
0. 883 ~0.944,P<0.001) ,
2.3 RPP peak 5 Post-MI HF & KT RCS 247

1£ Cox [FIH43HT#E 7~ RPP peak 5 Post-MI HF
St G 2 35 67 A S i Atk I $E— 25 R RCS
SyMEXE 3 18] ) - B N o6 R EATIEAR AN 1
fii 7R, RPP peak 5 Post-MI HF JXU 22 ] 52 @ 2 B Ak
FHIHE (P, <0. 001 ), {H A W05 31 B & 1y JE 46 1
KER (P, tinear = 0. 978) , #7112 SR TE BTG Rl N

IR E R, BIBEZ RPP peak K F-THE, Post-
MI HF A9 & A XS ek TR

% 2. RPP peak 5 Post-MI HF K& &) Cox [E)3 547
Table 2. Cox proportional hazards analysis of the

association between RPP peak and incident Post-MI HF

TR B Z
AR -0, 119 —7.420 0.888(0.860 ~0.916) <0.001
iR 1
I 2
i) -0.091 -5.390 0.914(0.883 ~0.944) <0.001

TE AT 1 PR AR MRS BMI FILC WU SE 2650, R 2, FEA
B 1 BERD bR R U | R L R PR SR B A7 A BEL R R 68
P 3, 7EAR T 2 Kl % EF .LVEDD NT-proBNP #il ¢Tnl,

HR(95% CI) P

-0.112 -6.887 0.894(0.866 ~0.923) <0.001
-0.111 -6.803 0.895(0.867 ~0.924) <0.001

Post-MI HF U tE

15 20 25 30
RPP peak

& 1. RPP peak 5 Post-MI HF X.E& B RCS 447
Figure 1. RCS analysis of the relationship between
RPP peak and Post-MI HF occurrence risk
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2.4 RPP peak £ Post-MI HF JRUE& i fr 49 4 (&
K I AR A% ROC #6507, 1EAl RPP peak
TEAS[RIB17 5 18] 5% Post-MI HF % A& XU i) 351
fit 71,715 HR peak 1 SBP peak #EATH#E, WK 2
BN, FEBEE 12 36 F160 4~ H i, RPP peak 7F 45 Hif
[i] o5, 457 2 PR HE AR SE I IX 4 BB 1, H AUC 4y B R
0.672(95% CI:0.633 ~0.712) .0.679 (95% CI;

124 A B i )k # EROC B £k 5547

364 A B 75 i )Rk B i ROC i £ 53

0.641 ~0.718) 1 0. 674 (95% CI:0.631 ~0.717)
TEFTAE VLB ] 25, RPP peak Y AUC 355 F HR peak
F1 SBP peak , $#£7~ RPP peak 7KW B B A
AR SR ELRRE B KU X A3 B TT . FaRSE IR R
RPP peak F%¢ T 81— HR 5{ SBP 4§¥x, £ Post-MI
IR, FHEI rh B A B 4 1) 00 A0 11

60 F B 375 B 1Bk i 1E RO C i 2% 53 47

1.0r 1.0 1.0f
0.8} 0.8f 0.8
i 0.6 iy 0.6f #y 0.6
& & &
™ 0.4 ™ 0.4+ w 0.4
0.2 — HR peak 0.2 —HR peak 0.2 —HR peak
— SBP peak — SBP peak —SBP peak
— RPP peak — RPP peak —RPP peak
0 xdf 1 1 1 1 1 0-'l 1 1 1 1 1 0 ] 1 1 1 1 1
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 02 04 06 08 1.0
1-$5RE 1-$5RE 1-HRE

2. HR.SBP 5 RPP #Tiill Post
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Figure 2. Time-dependent ROC curves for predicting Post-MI HF occurrence risk using HR, SBP, and RPP
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Figure 3. Kaplan-Meier survival curve analysis of Post-MI

HF occurrence risk stratified by tertiles of peak RPP
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Table 3. Cox regression analysis of Post-MI HF occurrence risk across tertiles of RPP peak
Pa| R FAR B (% ) ] B Z HR(95% CI) P
T1 24 127/733(17.3) Reference Reference
T2 4 66/733(9.0) -0.717 -4.724 0.488(0.363 ~0.657) <0.001
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