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[ Abstract | Objective: To create a mixed valvular heart disease (MVHD)-related age-
adjusted comorbidity index (MVACI) model for predicting mortality risk of patients with
MVHD. Methods: A total of 4080 patients with moderate or severe MVHD in the China-
VHD study were included. The primary endpoint was 2-year all-cause mortality. A MVACI
model prediction model was constructed based on the mortality risk factors identified by
univariate and multivariate Cox regression analysis. Restricted cubic splines were used
to assess the relationship between MVACI scores and 2-year all-cause mortality. The
optimal threshold, determined by the maximum Youden index from receiver operator
characteristic (ROC) curve analysis, was used to stratify patients. Kaplan-Meier method
was used to calculate 2-year all-cause mortality and compared using the Log-rank test.
Univariate and multivariate Cox proportional hazards models were employed to calculate
hazard ratios (HR) and 95% confidence intervals (CI), evaluating the association
between MVACI scores and mortality. Paired ROC curves were used to compare the
discriminative ability of MVACI scores with the European System for Cardiac Operative
Risk Evaluation Il (EuroSCORE II') or the age-adjusted Charlson comorbidity index
(ACCI) in predicting 2-year clinical outcomes, while calibration curves assessed the
calibration of these models. Internal validation was performed using the Bootstrap
method. Subgroup analyses were conducted based on etiology, treatment strategies,
and disease severity. Results: Multivariate analysis identified the following variables
independently associated with 2-year all-cause mortality in patients: pulmonary hypertension,
myocardiopathy, heart failure, low body weight (body mass index <18.5 kg/m®), anaemia,
hypoalbuminemia, renal insufficiency, cancer, New York Heart Association (NYHA)
class and age. The score was independently associated with the risk of all-cause
mortality, and exhibited good discrimination (AUC=0.777, 95%CI: 0.755-0.799) and
calibration (Brier score 0.062), with significantly better predictive performance than
EuroSCORE Il or ACCI (both adjusted P<0.01). The internal validation showed that the
MVACI model’s predicted probability of 2-year all-cause mortality was generally
consistent with the actual probability. The AUCs for predicting all-cause mortality risk
were all above 0.750, and those for predicting adverse events were all above 0.630. The

prognostic value of the score remained consistent in patients regardless of their etiology,
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therapeutic option, and disease severity. Conclusions: The MVACI was constructed
in this study based on age and comorbidities, and can be used for mortality risk prediction

and risk stratification of MVHD patients. It is a simple algorithmic index and easy to use.

[ Key words|] Mixed valvular heart disease; Age-adjusted comorbidity index; Age;

Comorbidity; Prognosis; Prediction
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Operative Risk Evaluation I, EuroSCOREIl) ; 41 25 & JiE 7+ & (New York Heart

Association, NYHA) ; w1 £ F & £% (area under the curve, AUC)

Bt N 1A R AR B T, MVHD 1 50%
BApar BT, WM VHD JE 2 45 5 R, 20.2%
() J5L % P VHD & 1 16.8% 45 52 /v AR T I
VHD 35 8 MVHD'? 78— 40 & 62.3 J7 5 #%
2 RS F8 1 35 [ MR s A P 2 B I
SRR AR P 3k 1%, B 4 [ PR
75 MVHD 1 VHD #2519 1%, HE VHD (L
T FK China-VHD) #F 58 45 S £ 7 , MVHD 7£ VHD
B 39.3%, 7F )5 & VHD 1 37.5%, LA
OISR A = A I A o (o R R M
VHD 9 16.3%) , iR A 1 32 3h IO ik Fi iR
At AR 3 ) 2.3% F11.3%,

MVHD )95 X 52 4% 2 4%, I IR 28 90 55 ot 14
s, HLH A 2R G, R, S R A8 T A
AN R S PR 45 s i I R kAR . AP oE 2,
AR RN A FHAE SR P E MVHD R H R B2 FAR
TR SRR I PR R 7, FLRGE AT R S AR
YIS, 2008 4F , Koppie 25 1 R HE T
AR A T AR SR E R R A T AT A A
E ACCI, R ¥ Ji% Jok 98 AR IR AR I BB B FE T 11 K
W 2 A MIWFIE R, ACCI 5 CCT 5 VHD (&
(18 950 f At 28 DDA 6 (LA 9 06 5 32 B4R v 7R L —
ARG FE S ACCT X MVHD B TS 1) 5% ]
MR, ST U, ASBIF ST BLAE A rp R

MVHD 34 9 ACCI #4571 (MVACI A ) | If:
BT HR A 2 4 4 DR AR T JRURS: 1) T 1

1 W&5FH*

L1 X %

China-VHD #ff 5% J& — M £t XL (218 %7 ) i
L VHD (8 (1 4 [F 2 b s iR v B3 i 5
(NCT03484806) . &4 Wir £ 1 Jot ot 445 i UL SC ik
[16]. China-VHDWFFE4H A 4690 141 85 & MVHD
S A G B B e 1 R A 610 451 (i
T R O 484 91 | ifiL 21 3K 1 Bk Ak 427 B AR
& Bk K 118 ) L TN 2 IR e 2 Il i O 470 1]
LVEF 2% 1 5] WL 6k 2% 423 f41] ), e 4 2L A
4080 {5 MVHD £ 2 .
1.2 MVHD izl

FIT A BB B R AR HE B 5 R ge b AT 4 1Y)
28 i Y RN 22 B O s RIS A B L sh R
2k 0 o e 4 ) UL SCER [ 16 o 38 ek ROF- Tk R
Simpson % 115 LVEF DLVTAl 7600 3 Ui 456 D) HE .
FEFEPA B BTAS DL L0 B B o 32 D 1 e 4 B
S, A K TR — R B[] B A7 76 B 4 R B 30 7%
&L B0 MVHD™ 7 AL IR A R T Bl KR
TR AP R A M = AR A 2 R
RN o B R (P S E ) i Wi S



RS, A AR A T O JUE R RS AR O AR R LE 5 T AE A8 KA A K X £ 25 T 4 B0 (L - 233 -

H (2014 L ELC 222 (ACC) /ZE L EEh 23
(AHA ) J R 48 1 ) TH AR IS fEAE 2D —A>
RS ™ A Bl R s AR i EEEE MVHD .
1.3 BIFERZH

[l JB3t A 5 A I AR i s S 0 = 0 A I PR
i A BE R 2 G IFRETS DL . LVEF 24 40%~49%
FILVEF KT 40% 8 2 53 512 W R 5 1l 53 %5
TR NP = 0 11 e (A DR A =3
N MR (= g ¥ = i S oy R
fliTh 52 e GFR, PEAl B # 19 E D68, e GFRAL T
60 mL/(min-1.73 m*) 1ZWi A B Dfig A2, W&
PRt 2 = 1 150 U/L BB IRLT 2K F 51.3 pumol/LL
WP EEFDESS KEHRKMKT
18.5 kg/m*IZWr AT ; 1L7% H A HAK T 35 ¢/L
LW R A I 5 IML4T 2R 5 PER T 130 ¢/L
A PEAR T 120 /L2 W 22010 . Jili 3 Ik e 4
JE A T 40 mmHg (1 mmHg=0.133 kPa) 5{ - 1
I3 3 Bk FEANES T 25 mmHg 12 Wt g Jili 50 bk 25
1.4 BV BB 25

China-VHD B I R Bl D5 A5 P8 1o 28 5 T
B2 AR IC R sk G R IR . AN H R
Vi— W FREE AR . ARSI AR 24
PRIFE TR IR LS A 4G 2 4R R (an v
DYIREAN A FAEBE IR F T 3000 LR BE
AR 2E 0 I 2E N TR It A O R
BT RE AN 4 K ™ E R R I R A ) |
AR AL Sy 3 vl IR A B sl T2 ki (18 H 4
IFET: (18 M H A R FAF 1A BT H (14
ARFM 6 HERET-F 6 AN I,
AN BT 0 B R AT B AET RIS R St
T A FIAZSE
1.5 MVACIUBLRI 4 B R PEAd

i AT B 2R RN £ B ZE Cox 111 IH 43 AT 1EAR 5
MVHD BAF A 2 4542 PR AT 7 57 4 5 A 4 % A
BIFREAE 5 . B 5K 2R 43 AT P<0.05 AR e A
Z R AL, SR )5 F 22 P 2 Cox [1IH 43 B rp
P<0.05 B 725 590 A MVACI BRI My . AR 35 4% 7%
1 1 H R BT R FAE A il 457 AR
1957 85 2 FN BRI MV ACLIT43 o

21 RCS fhZRPEAE MVACIITAr 5 2 4R 4 [FI3E
TREER . LLROC I /T B A B8 KR R s,
R A X B8 AT 43 )2 4 E Kaplan-Meier {142,
K Log-rank £ 30 7E17 e . i ik PR 2 AL 22 (A

F Cox LU0 JXURS #5280 11 55 HR B} 95%CI, Ak
MVACIPFA-S5A0T R 2 [a) i ik . Hdh 238
IE A3 BT B PN B A BT RV BT O ) R 245 ) R
FEA BRAE RS 300 A2 e SR 1 00 s i 5
I A5 5 5 2R J 48t il 0+ )/ 0 A R 9K R A2 AR BT
FI AR (5 FOE A R KA AT S TR ), AR AR A
MV ACIBLFIE ACCIAR RS A 157 19728 it (CAco LA
HE HVER D REAS 4 N8P BH ZE R il g |
A I IS T AR PR AR IR AS ) o

K ROC H1£R A5 MVACT A58 (1 [X 3 B
FEE FIBCXT ROC i £k HL 38z 58 5 ACCI Y K
EuroSCORE I # 51 XF MVHD £ # 2 4E Ifi K 45 )=
[ DX A3 B o >R A HE il 46 PEA MVACL, ACCI 1
EuroSCORE 1T 3 = {455 8 (% 4 i B2, Ik 1
Bootstrap 77 & 4T MV A CIR TR (14 AR BEIE

HoJa , ARG H W P OGR4 TP L 2 3y
AETE MVHD) | I PR IA 7 5 W 19 g ™ o0 7 5 %
MVHD (35 54720 5397
1.6 China-VHD %45 % HF EuroSCORE I U A1
ACCIBEHY A 1Eo3 Ty

Z: B8 SCHR[ 25 17 B9 05 35 24T EuroSCORE 1T
PESr . M F China-VHD £ i b F AR B 2R
(LA B TR AR B BT F R &
BFARE) R HOMBR %2 & ACCIEEAY
T RS0k 26-27] 0 Hodr, g al Bl R %
TR BRI IS X B 235 4 2 20 e | JHF I 5
(BB ) DR P 2R 28 B P A (LI B 2 ) |
39 955 25 735 ¢ A China-VHD 308 B v Bk 26 5 LA
TIN5 5 S AACTEE L T I OBk E R A R S A 8
A2 R e R W 2 43 . 3 H R 2 -k
ACCILE4T .
1.7 Gtk

fdi ] R 1555 4.0.2 F1 SAS 9.4 #{F #4758 14y
Mo 432878 LUE 2 (%) 2w, SR PR 30
Fisher 5 ff K 50 5 % 28 240 5 DA B0+ b v 25 (s)
R, K H Student’s t K556 . WU P<0.05 hy 22 5
HAEG 2 EE L,

2 &5 B

2.1 FPEE MVHD B FELL AR

4080 5] 8L B MVHD fE 4%k (63£13) %,
2116451 (51.9%) R B LUIEEA 4 (NYHA 1/
IV 9% , 50.9%) . f& il & (40.2%) | fifi 3 bk @5 &



© 234 - WHT R 2F2E 1 (24 /) Journal of Zhejiang University(Medical Sciences)

(59.4%) FX 1ML (35.3%) > 5 Wi 31 (39.8% ) 3k L
% (23.3%) B REAS 42 (26.5%) K A 2 1 ILAE
(19.3%) B I 9 (13.8% ) Al =3 i I AE (10.3% ) %
B I 1) R R AR A T I A 0 (9.4% ) Lo
AESE (6.6%) Lo I (8.2%) KA (8.8%) . &
Bl BE I (6.5% ) 1% 1 B ZE 4 Jili 5 975 (6.3% ) o0
WEmEE (5.2%) \ H 8 FE I D RE AN 42 (5.3%)  J&] ]
I 9 (2.5%) T8 A6 1 15t 957 (1.9%) | 3% 1 B 9
(1.7% ) RGP0 N B AR (1.4% ) 19 RO R AR
BH LVEF J(52+13)%, Hr 568 4 (13.9% ) &
) LVEF &y 40%~49%, 810 fi] (19.9%) & #&
LVEF X T 40%. fEBe i 4G 1687 151 (41.3%)
MEEZ TR T T AR, WA Ly
TE DR 15
2.2 MJEEMVACIARY

Lok L R A Z 2 Cox [F1A 53 Bt (B 55 2
R 3) , Bt 5 E 2 AR A AR T 0 ST
HH I 1 B I AT 1 725 A il a0 ok v T Lo LG
O I FE ARMREE A AR A AE B T e

ORI ONYHA O IIRE R (T/IVER ) o R

Pt 45728 s [ 9 R BGHEA T AN A R 43, e it 3
bk v F Fg 1A 3R e /N AR A3 e oA 1 43, HAth AR
S AR A5 43 Sk G I [ U 2R BB DA N [l
REZ R, A5 R LA AR :Ad 5k, MVACT
BRI 2 B I M PE 3 ik DL 3R 1, AU Bz
FIGER 0~22 40 ) Ak TR VAT XU . 42 MVACI
PE43 1A A% (https : //www. wix.cn/vm/rky V2n7 . aspx# )
T, ARWFSE BAHI B MVACIPES3 4 6.73+4.03.
2.3 MVACIPF4 l 0 rh 5 B MVHD 35 s

4080 ] L BE MVHD &, 438 4511 (13.0%)
TE 2 AEBEVI I N FE T, BLBASI) 1.2 4F BFAE G R
I3 50 96.1% . 94.9%., RCS f £k .78 MVACI PF
Sy 5P EE MVHD B 2 4E 2 AT R 5L A H
M (E 1) . MER SR B R R Hras R
78 MVACIF43 5 MVHD 523 104> R A6 T 340
X, B L2 NEK I, MVACI PE/ /5 J& MVHD #
HAHBET SR A S O R (6 2) . il 2%
& 0 7 1 MV ACTIE o e AR BN 8. LA HIE 8
KAy B MVACT RSS2 740 B E A7 %
%%, Kaplan-Meier [l £& . 78 MVACI 343 8 43 ) LA
AR 2 AR A AR T Y XU 1 R T MVACT 43
T8y (K2 K2) ., 45RR , A5 H
A MVACHEERL AT FF MVHD (3 s 1

R MVACIHEA K535
Table 1  Scoring method of the MVACI model
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Figure 1 Restricted cubic spline curve for the associa-

tions between MVACI scores and 2-year all-

cause mortality in patients with moderate to

severe mixed valvular heart diseases
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Table 2 Association between MVACI scores and risk of all-cause mortality in
patients with moderate to severe mixed valvular heart diseases
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Figure 2 Correlation between MVACI scores and
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Figure 3 Discrimination and calibration of the MVACI,
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moderate to severe mixed valvular heart
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Table 3 Comparison of predictive values with MVACI, EuroSCORE I, and ACCI models in patients with moderate to severe

mixed valvular heart diseases
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Figure 4 Calibration curve of MVACI model predicting

2-year all-cause mortality in patients with

moderate to severe mixed valvular heart

diseases (internal validation by Bootstrap

method)
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Table 4 Internal validation of the MVACI model for
prediction of the clinical outcomes of patients with
moderate to severe mixed valvular heart diseases
(Bootstrap method )
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Figure 5 Correlation between MVACI scores and 2-year all-cause mortality in moderate to severe MVHD patients with

different etiologies (Kaplan-Meier curves)
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