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Analysis of risk factors for cardiovascular events and construction of a nomogram
prediction model in patients undergoing long-term peritoneal dialysis

Zhou Xinyuan', Jiang Yuxin?, Wang Xiaoxia'!, Yang Xiangjie', Zhou Runzhe!,
Meng Yuqing', Zhang Dingxin3, Zhang Jin?, Wang Ying'?

('Department of Biostatistics of Epidemiology, School of Public Health, Anhui Medical
University, Hefei 230032; 2Dept of Nephropathy, *Cardiac Imaging Center, the First Affiliated
Hospital of Anhui Medical University, Hefei 230022)

Abstract Objective To analyze the risk factors for long-term cardiovascular events in patients
undergoing long-term peritoneal dialysis (PD), and to construct and validate a visual nomogram
prediction model based on multiple parameters. Methods A prospective cohort study was
conducted, consecutively enrolling 248 maintenance PD patients (dialysis duration > 3 months).
Demographic characteristics, clinical indicators, laboratory parameters, and echocardiographic
indices (including left ventricular ejection fraction [LVEF], E/e' ratio, etc.) were collected. The
composite endpoint was defined as the occurrence of cardiovascular events or cardiovascular death,
with non-cardiovascular death as the competing risk and loss to follow-up or the end of follow-up
as censoring events. Fine-Gray competing risks model was used to screen independent predictors,
based on which a nomogram model was constructed. Internal validation was performed using the
Bootstrap method (1 000 resamplings), and the concordance index (C-index) and time-dependent
receiver operating characteristic (time-dependent ROC) curve were calculated to evaluate the model
performance. Results With a median follow-up of 29 months (interquartile range: 24—35 months),
88 patients (35.48%) reached the composite endpoint, including 80 cases of cardiovascular events
and 8 cases of cardiovascular death, and 4 patients died of non-cardiovascular causes. Multivariate
Fine-Gray analysis revealed that age, diabetes mellitus, hemoglobin (HGB) level and E/e' ratio were
independent influencing factors of the composite endpoint. Specifically, each 1-year increase in age
was associated with a 3.0% increase in the risk of the composite endpoint (HR=1.030, P=0.006);
patients with diabetes mellitus had a 167.9% higher risk compared with non-diabetic patients
(HR=2.679, P=0.007); each 1g/L increase in HGB level contributed to a 1.5% reduction in the risk
(HR=0.985, P=0.003); and each 0.1 increase in E/e' ratio led to a 7.2% increase in the risk
(HR=1.072, P=0.045). The nomogram model had a C-index of 0.76 (95% CI: 0.698-0.820), and the
AUC of the time-dependent ROC curve reached 0.849 (95% CI: 0.761-0.938) at 23 months of
follow-up. Conclusion Increased age, complicated with diabetes mellitus, decreased HGB, and
elevated E/e' ratio are independent risk factors of long-term occurrence of cardiovascular events and
cardiovascular death in patients undergoing long-term PD. The nomogram model constructed based
on the above variables has good predictive value and clinical applicability, which can provide a
reference for cardiovascular risk stratification and individualized intervention in long-term PD
patients.
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LRI (end-stage kidney disease, ESKD) &1 IF9 (chronic kidney disease,
CKD) ZRM B, HRMGBENE R L S8 m R R LT, BB T R H -
BURIT F B2, JERIENT (peritoneal dialysis, PD) [RIAERIME . PRIFIRAR T DIRESL S,
J Ay ESKD B ERT7 e #E54, HKMIYERFIE PD B O MBI (cardiovascular disease,
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AHFFBNFIELLGIN E 2020 4 11 H—2023 4E 11 7 HATE B RS2 58 — g =
e B FIE N RHT MU PD VAT BB . IARRHE: File>18 % W2 ESKD H4EH#{%: PD 677
>3 ANH, ASEE/NERIELZE (estimated glomerular filtration rate, eGFR) <15 mL/(min * 1.73
m?); HE OB R A E SIS #L (left ventricular ejection fraction, LVEF) >45%; H A5 E K1
TGRS HERRPRME: JCIEREATEE P A 2 BV 3R AT R AR A B AR s BRAE BOLAE A 1M
PEC BT, QRSN KR FE AR O . O VIBEESE . BEAEAT o B2 DA R« e
B L e RYECHER: SUREE; MEOIIREA A W EE T IERRES: T
<12 NH. AHFEEGEACBEAFTIN, G 7 ZBERRFE — W EE e B2
SHtHE (45 PJ2020-11-19) .
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— MRl RN IR, Wk, Y. M. BT SREAG R SRR,
FFER . OB SCHRREE S AR g U7 s 2 s 0 s I s JOENTIR T IR LSS,
LA T A F 3 (O BEAE SERSRTA IR . @ AR B BHEN SR, ERETR
# (body mass index, BMID) . JEEFE. FEHE. ORAMMIEZIE R, BMI=ARE (kg) /S
m?) o FrEEARSE RS M HIHAT PD T Z AR . Q) M. B R
ANBEJE B — AN BRI, AT I . AP hRe . BARER R O LB 255 A s
kA, FEEARAYIMTHEL (white blood cell count, WBC) . ZL4HAEH4 (red blood
cell count, RBC) . MZL%E A C(hemoglobin, HGB) . &K1 (total protein, TP) . FEM
(albumin, ALB) . JK& % (blood urea nitrogen, BUN) . JJLEf (creatinine, Cr) . JRIR
(uric acid, UA) . eGFR. fixi AR K& Fim T4 2 1 (N-terminal pro-brain natriuretic peptide,
NT-proBNP) K C Jz%i &1 (C-reactive protein, CRP) %,
1.3 BELERE

AHIEFE R R P O B R BOE R AR FH T GE Vivid E95 O IEAB A A%, AR F i
FEEAREAE, UAHREOR R T ST S . BT PD B IEARE 24 h B2 OB
K. ZREEBERONEERIEEN, BEBUEMEML, PFIFR U & T, R
P B 5B B AR 5E 22 O FAEAR NN AE (global longitudinal strain, GLS) o [FJH K4
FEIBk N LB R (left atrial diameter, LAD) « /&0 5 &A% (left atrial volume,
LAV) . O EJfE (left ventricular mass, LVM) . LVEF. D O E 4% % (left
ventricular fractional shortening, LVFS) . = 2 Jl¥ J it U& B il i ( tricuspid regurgitation
velocity max, TRVmax) 5S4, H & T RGO IEET K IIREMITRbR, G460
FPok FH MR AR (B W) | AT sk I im i (5 B (A W) | A E i
I R AT R S EE A () o MRAE BRI EE A E/A HH (E/A ratio) K&
E/e'tbfd (E/e’ ratio) . ARIEMEAREF (body surface area, BSA) Z5, HH T4
O ERTEEL (left atrial volume index, LAVD) FlZc.0vZ i & H5%L (left ventricular mass index,
LVMD . Hr1, BSAMHEARITE: BSA=0.007184 x&F & (cm) *725 x{kJfi & (kg) 0425,
LAVI=LAV/BSA, LVMI=LVM/BSA.
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a0 H K H SPSS 26.0 1 R 4.2.3 A, &R #E K Kolmogorov-Smirnov 4856 IF 7%
P, IEAME LEEER (X+s) For, ARECRA (%6 JEEAM i L 3 %
PRI E R M (Pas, Prs) , YIAIELECK A Mann-Whitney U #65. HEF0R LK S [0
(%) 13F%on, HIEHECR Ay R, SRR (%) Fox, 4HIE HECR A SL R
A Wilcoxon FRFIK I .

FIR TR Fine-Gray 364 KSR AL, DO MUVE S04 KO MU TN R G4 8,
B MR TN TE S T, KU A OB R T, e R . 45 A AR
W BEAEUESE R R AR, NS, M. BESRJ% . HGB. E/e’lUfH. LVEF. LVMI
AR, A 2N Fine-Gray 72 4+ RS AL . BRI AT HEAT Schoenfeld Fk 2405, %2
I SR FH o 2 B[R] 22 BTG IE, @ i UK LU AS 36 PP AR B 500 - Fine-Gray A58 R
R FGAH cmprsk L (v6.2.0) SEHL. K 2 B3R A HT 0114k HH IR0 ST S By PR 3R g N 71 4% PRI S A1
(rms £, v6.2.0) , @it Bootstrap ¥5 (1 000 KEHMAE) THHE—FPEFRE (C-index) AT
P REGIE o [R]I ZxfIlIN [E) A A ROC #HZG PP AR AL AN [F) I 8] s A IR R BE (timeROC 4 0.4+
pROC 2 1.18.5) , WP N H, ALAEL 0.2, 0.4, 0.6, 0.8, FRIEN A ROC 547
ZEIL, B BRI T 1] s B 23 A H o A 4750 TR Kaplan-Meier v & Log-Rank #6:5 .
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AR (P<0.05) , HRRERZERESIU R L& 1.

#£1 BEHHAS5FEEMAHBEROLE =248, X£S,n (%) ,M (P, Prs) |

Tab.1 Comparison of general data between the event group and non-event group [#n=248,
X x5, n(%), M(P2s, P15)]

Non-event group 1/ Z /x?
Variables Event group (n=88) P value
(n=160) value

Age (years) 52.75+10.04 48.98+11.67 -1.809 0.073
Male (%) 34 (38.64) 50(31.25) 0.691 0.406
Duration of dialysis

30 (10.5, 69) 26 (7, 52) -0.897 0.381
(months)
Hypertension (%) 76 (86.36) 130 (81.25) 0.582 0.468
Diabetes (%) 20 (22.73) 12 (7.50) 5.857 0.016
Smoking status, ever

18 (20.45) 22 (13.75) 0.943 0.331
(%)
Drinking status, ever
18 (20.45) 30 (18.75) 0.053 0.818

(%0)
BMI (kg/m?) 22.46+3.26 22.19+3.46 -0.425 0.671
Heart rate

81.59+10.41 84.40+14.48 -1.135 0.259
(beats/min)
Systolic blood

146.23+19.83 143.06+21.28 -0.811 0.419
pressure (mmHg)
Diastolic blood

92.27+11.31 90.99+£10.97 -0.618 0.269
pressure (mmHg)

Duration of CKD 60.5 (35, 119.5) 5232, 97) 0.387 0.700




(months)

Enrollment of eligible PD
patients (n=248)

Y

Baseline assessment

General demographic Routine laboratory Cardiac ultrasound

survey tests examination

Follow-up every 6 months by

A 4

telephone for 3 years. A total of

26 cases were lost to follow-up.

A\ 4

Included in final data

analysis (n=248)

v

Composite endpoint events: n=88

(including new-onset heart failure:
n=80, cardiovascular death: n=8)

B1 HRABRALREE

Fig.1 Flow chart of patient enrollment
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K2 FHHASEFHALEERBELE [ X£S, M(Ps, Prs), n=248]

Tab.2 Comparison of laboratory indicators between the event group and non-event group
[ X£S, M(P2s, Prs), n=248]

Non-event group 1/ Z /7

Variables Event group (n=88) (n=160) value P value
WBC (x10°/L) 6.77 (5.43, 8.12) 6.39 (5.26, 8.31) 1.530 0.129
RBC (x10°/L) 3.31(2.75, 3.65) 3.29 (3.01, 3.79) 1.293 0.199
HGB (g/L) 89.45+26.75 100.09+17.91 2.590 0.011
TP (g/L) 62.42+7.31 63.30+7.07 0.653 0.515
ALB (g/L) 35.45+4.11 36.76+4.43 1.620 0.108
BUN (mmol/L) 18.97(15.07, 24.92) 19.02(15.79, 23.34) -0.212  0.832
Cr (umol/L) 960.73+£301.19 994.20+283.79 0.613 0.541
UA (pmol/L) 419+81.29 432.46+79.47 0.893 0.347

eGFR[mL/(min 1.73

3.54 (2.93, 4.05) 4.08 (3.28,5.23) 0.147 0.883
m?)]
NT-proBNP (ng/L) 17.08+£20.62 23.94+62.66 0.679 0.499
CRP (mg/L) 3.14 (1.10, 7.09) 1.67 (0.53, 4.03) -0.756 0.452
Total cholesterol

4.36 (3.77,5.42) 4.55(3.79, 5.60) 0.876 0.383

(mmol/L)

2.3 FHASIEFHEER O3 BRI LR

i A S AR S S L IR bR, RN, FHF4 LVEF Ml Ele’ L E M
FAEFHMA, EREGRIFEL (P<0.05) ; REPWY LVEF T IEFERE (>45%) ,
(HEE(F20 LVEF W& s, HEDN AT B2 O IR 7 5K DD REFRA f5 AR B US 4 o3 . L3R 3.



£33 FHHASHEEHABELIHNERBIILE XS, M(Pss, Prs), n=248]

Tab.3 Comparison of echocardiographic indicators between the event group and non-event
group [ XS, M(Pas, P7s), n(%), n=248]

Event group Non-event group 1/ Z /7
Variables (n=88) (n=160) value P value
LVEF (%) 62.50 (57.75, 65.25) 62 (60, 65) 2.154 0.033
LAV (mL) 58.08+16.29 56.44+19.74 -0.521  0.603
LAVI (mL/m?) 35.82+10.40 35.05+11.64 -0.299  0.766
LVM (g/m?) 181.75(151.32,224.26)  173.92(151.22,222.67) -0.866  0.389
LVMI (g/m?) 115.84(95.82, 134.98) 110.5(101.26, 131.03)  -1.009  0.315
E/A ratio 0.83 (0.6, 1.13) 0.79 (0.62, 0.91) 0.156 0.876
E/e' ratio 13.22+3.40 11.41£2.94 -2.736  0.007
E/e’ ratio>13 22 (25.00) 24 (15.00) 1.879 0.170
TRVmax (m/s) 2.32+0.41 2.33+0.35 0.190 0.850
GLS (%) -14.9 (-16.88, -12.45) -15.6 (-17.1,-12.9) -1.491  0.139
GLS>-18% 58 (59.09) 96 (60.00) 2.842 0.092

2.4 PD BF KA OMESE4KERERSHT

WO M FAMOMERTARENEEL S, EOMER T NS FL, Sl EE—
MRl (PRSI, SRR, BMIL OF. WsE. &FikE. BN . S ERME. R A% |
SEIG = FEAR (WBC. RBC. HGB. BUN. Cr. UA. eGFR. NT-proBNP %) K jm.05)E
fabr (LVEF. LVMI %) {ENEZE, E—9NHRHZEK Fine-Gray 3¢5 KM, 45 R 5
R, AERS. RS HEARER . HGB /KF. LVEF Al E/e’tbfl. 275 A Ei s . Wedi B A8

LVM. LVMI. GLS 54RFEMHMEEMK (P<0.05) . WK 4~6,



#4 PDBERERNEREEGERFMAKEER Fine-Gray TTHF BT (1=248)

Tab.4 Univariate Fine-Gray competing risks analysis of composite outcome events in PD
patients (n=248)

95% CI
P
Variables b SE Wald HR Lower Upper
value
limit limit
Age (years) 0.034 0.01 109 0.001  1.030 1.010 1.060
Male 0.020  0.623 0.001 0974 1.020 0.301 3.460
Duration of dialysis 0.003  0.002 2.210 0.137 1.000 0.999 1.010
Hypertension -0.747 0301 6.150 0.013 0474 0.262 0.855
Diabetes mellitus 1.270  0.611 4.310 0.038  3.560 1.070 11.800
Smoking status, ever -0.198 0.245 0.654 0.420 0.820 0.507 1.330
Drinking status, ever -0.022 0326 0.005 0.950 0978 0.516 1.850
BMI 0.045 0.033 1.770 0.183 1.050 0.979 1.120
Heart rate -0.012  0.008 2.470 0.116  0.988 0.973 1.000
Systolic BP 0.007  0.005 2.120 0.146 1.010 0.998 1.020
Diastolic BP 0.016  0.005 10.600 0.001 1.020 1.010 1.030

Duration of CKD 0.002 0.002 1.370 0.242 1.000 0.999 1.010




5 PDEBELREEMREREESEREMHNEER Fine-Gray TF MM (n=248)

Tab.5 Univariate Fine-Gray competing risks analysis of composite outcome events in PD
patients (n=248)

95% CI
P
Variables B SE Wald HR Lower Upper
value

Limit Limit
WBC -0.083 0.054 2.37 0.124 0921  0.829 1.020
RBC -0.184  0.19 0935 0.334 0.832 0.574 1.210
HGB -0.017 0.004 14.500 <0.001 0.983 0.975 0.992
TP -0.015 0.019 0.629 0428 0.985 0.950 1.020
ALB -0.058 0.031 3.530 0.060 0.944 0.889 1.000
BUN 0.014 0.018 0.632 0427 1.010 0.980 1.050
Cr 0.001 0.001 0.451 0.502  1.000  0.999 1.000
UA (umol/L) -0.001 0.002 0.632 0427 0999  0.996 1.000
NT-proBNP (pg/mL) 0.001 0.002 0.124 0.724 1.000  0.997 1.000

eGFR [mL/(min-1.73m?)]  0.006 0.068 0.007 0.935 1.010  0.880 1.150

CRP (mg/L) 0.004 0.006 0.576 0.448 1.000 0.993 1.020

Total cholesterol (mmol/L) -0.319 0.252 1.600 0.206 0.727  0.444 1.190




*o6 PDEEHBHELIHEEREREGERFMHFHERER Fine-Gray 55 KK T
(n=248)
Tab.6 Univariate Fine-Gray competing risks analysis of composite outcome events in PD
patients (n=248)

95% CI
Variables s SE Wald Pvalue HR
Lower limit Upper limit

LVEF -0.102 0.027 14.700 <0.001 0.903 0.857 0.951
LAV 0.010 0.008 1.780 0.183 1.010 0.995 1.030
LAVI 0.021 0.011 3.430 0.064 1.020 0.999 1.040
LVM 0.007 0.003 7.640 0.006 1.010 1.000 1.010
LVMI 0.016 0.005 11.000 0.001 1.020 1.010 1.030
E/A ratio -0.246 0219 1.260  0.260 0.782 0.509 1.200
E/e' ratio 0.125 0.028 19.500 <0.001 1.130 1.070 1.200
TRVmax (m/s) 0.166 0.405 0.168 0.682 1.180 0.534 2.610
GLS (%) 0.114 0.052 4760 0.029 1.120 1.010 1.240
GLS >-18% -0.247 0.210 1390 0.240 0.781 0.518 1.180

2.5 RENRER

AR . BEAEYE LR R T, NSO M FACIIELR & (R,
PEGIL BEIRRESE) , HEBR TG RL RS L& £ K& Fine-Gray &4 M BALAL . U4 A i@ T
Schoenfeld F5 7 K56 56 UF-—1- 43 A1 L AR B 15, 385 1SR A 49 2% B RIS EL IS IE . T
PR A, A SR R A T SRS ORI HL R IR R S AR RS . B AR . HGB. E/e’ LB AN
NBERL, BNE AL AN EER. S RER: F# (HR=1.030, 95% CI:
1.001~1.051, P=0.006) , f&/NFREHIN 1 %, S 0MESERFMHFRET S 3.0%;: B
JRFE (HR=2.679, 95% CI: 1.372~4.390, P=0.007) , #&/~&IFhIRm#E AR TH R 167.9%:;

E/e’tb{ (HR=1.072, 95% CI: 1.014~1.158, P=0.045) , ¥ n~HEFTFE 0.1, KETHE



7.2%; HGB (HR=0.985, 95% CI: 0.975~0.996, P=0.003) , ¥mfETlm 1 g/L, K&

1.5%. W3 7,

®7 PDBERSLERFMHIZER Fine-Gray STH KR MHT (n=248)

Tab.7 Multivariate Fine-Gray competing risks analysis of composite cardiovascular
outcome events in PD patients (n=248)

95%CI
Variables p SE Z P value HR Lower Upper
limit limit
Age (years) 0.030  0.011 2.74 0.006 1.030 1.001 1.051

Diabetes mellitus 0.986 0364  2.705 0.007 2.679 1.372 4.390

HGB (g/L) -0.015  0.005  -2.983 0.003 0.985 0.975 0.996

E/e' ratio 0.069 0.035  2.005 0.045 1.072 1.014 1.158

2.6 FILEERIME

¥ 138 % [R5 Fine-Gray 5% 4+ XU Gt t 1O MA R 300 2 PD B H 40 M A R &SR
PR ERERL, MBI, &R HGB MK, Bl tbETHmm, 3R A
FARLFI ARSI, KRR A E A O ME S R FEE R TR (E2) .
2.7 FIREET I RE

K Bootstrap 2 M JFAAEAE T A AL 1000 VAT A ERIGAE, 45 5R BRI C-
index 4 0.76 (95% CI: 0.698~0.820) , Tl i £k SR e th 2l & R4y HET AR M 2, 12
INZAE R TO CR E aF (B 3) o BRI MZR 34T (decision curve analysis, DCA) /R, 7E
0~1.0 AR IE P, R ARSI AL AT O L XU TN 5 STl -7, 5 H T PRS- T05E A
ERIME (B4 o FIAERERY ROC 4 RoR, HHliZ R (area under the curve, AUC)
N 0.767 (95%CI: 0.720~0.825) , ZJEIREL 46.7%, RN 74.0%, REEN 72.7%,
VLR X Ay B 0, WKL 5. B IERTRIEIE, SRAII AR ROC ih 2k PG B AE AN
R 18] A5 PRI AN B, M A E 0.24 0.44 0.6+ 0.8, WFEIBLAI AN, 455 BoRi%ILk K
TITE 23 S H I AUC feir, 15 0.849 (95%CI: 0.761~0.938) (6. 7) o [k, FIZLEN

TR 18] 50 23 S H



B2 K PD BEIH RO ML B KO L ST A 51 26 R T A 2
Fig.2 Nomogram prediction model for cardiovascular events and cardiovascular death in
long-term PD patients

Bl 3 PRI UE R HE 22 A

Fig.3 Internal validation calibration curve



B4 K PD BHRALMEFAMOMES MR K DCA #iZk
Fig.4 Decision curve analysis (DCA) curve of the prediction model for cardiovascular
events and cardiovascular death in long-term PD patients
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Fig.5 Receiver operating characteristic (ROC) curve of the nomogram model for
predicting the risk of cardiovascular events and cardiovascular death in long-term PD
patients within 3 years
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KPS TR 78 2 AL G AR bR, RADHBIFCMEIET X —SE 54, WA 03K
S4B/t ) TIEZ AL, HZ 2 S8 ANEL TR, IKKESHR
U031, (R, RS T84 KR IE . BRIl PR 5 0 P A O FR AR I AR AL TSR, ol s o
TR v RS, AT St L 1) - TR A EE B PR S e 7 S o A T T T T BA B K
KF Fine-Gray 34+ XU BIAL G 1% HAF IS . HEIR . HGB K E/e’ LW AMSLEWR R,
FEFN L IO IE HALRE, "R B N A PUE ST PD B O MU R AR,
R ATE (I Bl LB T s & R0 IR D 1 R A 5 4y B F R At A A B L T A

KRR ER, BEERGEM 1 2, LIEFEMHFRARTE 3.0%, 5 Hepburn et
all R FE 56— 30, %2 HPOBF AN 211 4] PD 3, HAEScEibaiim 1 &, SR
FRC TS S (0 R I 3%, FLZ RO T R . R o S5 00 A fEfa N & . 4
TSR0 O LS RS B 2 B AR PR A BEIR AT PD HE O LR I s -
I PR LT S PRI N BhRKAERE R B Th i, [RI, PD AR DR 2 8 1 A BB AT,
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L R P B AR B

AWFFEY, SRR PD B KA OIS EERM R, %4555 Leiet
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S PR (325 AT R o L B T KR W PR BB T 88%, A RIS 45 IR R AL O L
s, R TP A 2.79 £50S), BB PR (R O ML FAF TN K AR B
RELFTINE PD B ARARSI T, i ko R A HERR s e HUBEBR A TR 0 P R ¢
REJE, (RIEMLE AL I, e & 3P A R O LR AR P, R0 IR RIE T,
PF O AT kI RE, AR ARG, ERNURI L FA T BRI E PD &
0 ML IRURS P B AR A . PRI, A JRREDRA Y PD S ROIN SR R B, I e
AT O 7S MR, DASIEILCo I A7 PRURGE P B A 900 73

AEFFERW, HGB KT 2K PD EH O KR WAL R 2. 3% A
WoAH WL, B ER AN R A RN AL L BB L LN i 4 S T S £ R
RILFESEG PSRN O S R K TR, TERCEMEEIR, B2 R CVD kA
07, GHEFARH, B S HGB RFEK 10 g/L, O ML FARREE L3I0 10%~20%!181,
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